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Chapter 1 

1.1 INTRODUCTION 

An anaesthesia drug can cause multiple outcomes. The same drug can have different 

impacts on different patients, impact can be altered due to surgical procedures, patient 

condition, drug-to-drug interactions can influence patients' outcome. For 

anesthesiologists, management of such parameters on a daily basis with accuracy 

depends on experience and training. As a result of increasing knowledge of drug 

interactions, it is essential to identify measurable relationships between drug 

administration and the corresponding patient outcome in an accurate and reliable format. 

 A risk scoring system is important to predict the outcome of a procedure. The Child-

Pugh score is a well-known example of a risk scoring system proposed in 1964 by 

surgeon Charles Gardner Child and modified by Pugh et al 1972. It is used for assessing 

the prognosis including the strength of treatment and the necessity of liver transplant. It 

provides a forecast of increasing severity of liver diseases and expected survival rate. 

  Accurate prediction of the effects of a procedure is important to ensure maximum 

chances of a patient's survival. Data Science and ML algorithms help us make predictions 

with high accuracy and can help validate a doctor's opinion. It can help doctors consider 

minute factors that can affect the patient's condition while prescribing medication or a 



 

 

procedure. Models can be trained, tested and optimised to find the most reliable model 

that can be implemented to aid doctors.  

1.2 BACKGROUND OF STUDY 

Data Science, Machine Learning and Artificial Intelligence have been advancing fields 

including Anesthesiology. The six themes of the application of Data Science and Machine 

Learning in anesthesiology are: 

● Depth of Anesthesia monitoring 

● Control of Anesthesia 

● Event and Risk prediction 

● Ultrasound Guidance 

● Pain Management 

● Operation Room Logistics 

 Many scientists and academics have proposed numerous models for all the 

above six themes. It is necessary for these models to be accurate and they can 

only be used under the guidance of a Doctor or Trained Physician.  

1.3 STATEMENT OF PROBLEM 

The aim of this study is to predict whether or not a person has diabetes given various 

factors. 

1.4 MOTIVATION OF STUDY  

In today's world, predictive modelling is proving to be a useful asset in anesthesiology. I 

hope that this paper proves to be useful to anyone wanting to predict blood pressure risk. 

The data sets are ever-expanding and a dynamic model is necessary to assess the 



 

 

minute factors that might have been missed by the human eye. Despite the many models 

present, the need to find the most accurate one is omnipresent.  

1.5 AIM AND OBJECTIVE OF STUDY 

1.5.1 AIM 

This work aims at using different models to predict whether a patient is diabetic given 

glucose rates, blood pressure, number of pregnancies, skin thickness, insulin, BMI, 

Diabetes Pedigree function and age. 

1.5.2 OBJECTIVE OF STUDY 

 To realize the stated aim, the subsequent objectives shall be morally followed: The 

methods used must be simple and fast enough to predict the patient is diabetic. 

1.6 METHODOLOGY FOR THE STUDY 

In order for successful implementation of this study, the following procedure will be 

followed: 

i)Data Collection: The data for this study is collected from the National Institute of 

Diabetes and Digestive and Kidney Diseases. 

ii)Data Preparation and Representation: The collected data shall be cleaned, 

represented in appropriate formats and used as an input accordingly. 

iii)Data Modelling: Appropriate machine learning models shall be used on the data to 

gain the most accurate results. 

 

1.7 PROPOSED MODEL 

1.7.1 Conceptual Model 



 

 

The following figure represents the conceptual model for this study. 

 

 

1.8 SCOPE OF STUDY 

This study focuses on finding the machine learning model that most accurately predicts 

whether or not a person has diabetes based on the following parameters: 

● Pregnancies (number) 

● Glucose (mg/dl) 

● Blood Pressure (mmHg) 

● Skin thickness (mm) 

● Insulin (mu U/dl) 

● BMI (kg/m2) 

● Diabetes Pedigree Function 



 

 

● Age (yr) 

 

1.9 MATHEMATICAL MODEL 

Loss Function: 

The choice of the loss function is related to the task and the model used. 

In regression, the loss function is formulated such that it reflects the expected error. 

The most commonly used loss function is the mean squared error (MSE) and root mean 

squared error (RMSE). The latter has an advantage that the scale of the error is the same 

as that of the target variable. It is possible to state that the model generates outputs with 

an error margin of ε (%), where, ε = 100(%)× √𝑀𝑆𝐸(mean prediction). 

In classification tasks, the model output is a number between 0 and 1, often 

interpreted as the probability of the target yi being positive. Binary cross-entropy, defined 

as 

–[yilogpi + (1-yi)log(1-pi)] 

where pi is the model output for the ith instance, is widely used as the loss function. 

Optimization algorithms are used to search the parameter space of a given model 

so that the loss function is minimized. The most common algorithm is based on calculating 

the gradient of the loss function. It is an iterative search algorithm where the parameter 

values are updated every time based on the calculated gradient of the current parameter 

estimates. A gradient is a multivariate extension of a derivative. Since the loss function, 

L, is a function of its parameters p, changing the values of p results in changes in L. 

Intuitively, changing p in the direction that most sensitively affects L is likely to be an 

effective search strategy. 



 

 

 

1.10 SIGNIFICANCE OF STUDY (EXPECTED CONTRIBUTION) 

● It will help doctors determine whether or not a person might suffer from 

diabetes taking into consideration all the factors that might lead to it. 

● It will help health insurance companies to determine the amount of 

insurance a person might receive taking into consideration whether a 

person might get diabetes. 

● It will help doctors suggest lifestyle changes that might be able to prevent 

diabetes. 

1.11 DEFINITION OF TERMS 

BMI: 

 BMI is body mass index. It is used for relating weight to height.  

Diabetes pedigree function:  

Diabetes pedigree function is a function that predicts the likelihood of diabetes based on 

family history. 

 

 

2.1 RELATED WORKS 

Diabetes is a chronic disease. About 422 million people in the world suffer from diabetes. 

Various tools were used to determine attribute selection. The findings by Informatics in 

Medicine Unlocked(Volume 16) revealed an accuracy of 75.7%. 

 

3.1 METHODOLOGY 



 

 

Different machine learning models can be applied to predict diabetes. A major factor that 

will affect this prediction is feature selection. The dataset is divided into two sets: training 

and testing datasets. In machine learning, it is customary to randomly split data into 

training and testing datasets. The testing data set is used to determine overfitting or 

underfitting. While this practice partly safeguards against overfitting, repeated bouts of 

training can lead to the overfitting of the testing dataset as well. Hence, the training 

dataset is generally split yet again into (real) training and validation (V) datasets. In 

analogy, V serves the purpose of practice exams. Optimization on training data set is 

followed by validation on V. When there is room for improvement, either a different model 

is chosen, or model hyper-parameters are modified. The procedure of training the new or 

modified model is repeated until a satisfactory result on V is achieved. 

 

 

 

 

 

 

3.2  SYSTEM ARCHITECT OF THE MODEL 



 

 

 

 

Data Collection: 

The data set used for this study is from the National Institute of Diabetes and Digestive 

and Kidney Diseases[3]. The objective of the dataset is to predict whether a patient has 

diabetes based on certain diagnosis factors.  The Dataset consists of multiple input 

variables: Pregnancies (number), Glucose (mg/dl), Blood Pressure(mmHg), Skin 

thickness (mm), Insulin (mu U/dl), BMI (kg/m2), Diabetes Pedigree Function, Age (yr) and 

one target variable: Outcome.  

First five rows of the data set: 

 

Data Preprocessing: 



 

 

Data can be inconsistent or noisy and it can have missing values. Data preprocessing is 

necessary to find accurate results. Methods like cleaning, transformation, integration etc. 

are applied to process the data.  

 

Missing Values: 

● Insulin: 48.7% 

● Skin Thickness: 29.56% 

● Blood Pressure: 4.56% 

● BMI: 1.43% 

● Glucose: 0.65% 

To fill NaN values, data distribution needs to be understood against the target. To do this 

we plot a correlation matrix. A correlation matrix is simply a table which displays 

correlation. 



 

 

 

Missing Values are replaced to get accurate results. Below figure shows that all missing 

values were replaced: 

 

Data Splitting: 



 

 

Splitting data can help overcome problems such as overfitting or underfitting of a machine 

learning model. 

Algorithm/Approach Used: 

To achieve the most accurate results, different algorithms were used. 

1. Random Search and Light GBM: 

Machine learning models have hyperparameters that must be customized 

according to the data set. Random Search is a technique where random 

combinations of hyperparameters are used to find the best solution for the built 

model.  

 Light GBM ( Light Gradient Boosting Machine) is based on decision tree 

algorithms and is used for ranking classification and other machine learning tasks.  

2. Grid Search, Light GBM and K Nearest Neighbour: 

K Nearest Neighbour algorithm stores all available cases and classifies new cases 

based on a similarity measure. 

Prediction: 

Random Search and Light GBM: 

 

Grid Search, Light GBM and K Nearest Neighbour: 



 

 

 

 

 

SVM: 

 

Model Evaluation: 

 By using Random search and Light GBM we find an accuracy of mean accuracy of 89.3. 

IMPLEMENTATION 

Algorithms used: 

a) Random Search and Light GBM : 

 Light GBM or Gradient Boosting Framework is a machine learning algorithm that 

uses tree based learning algorithm. Light GBM can handle large amounts of data without 



 

 

using much memory. Random search is used for numerical optimization. Random search 

uses random combinations of hyperparameters to yield better results. 

b) Grid Search, Light GBM and K Nearest Neighbour : 

 KNN or K Nearest Neighbour is a supervised machine learning algorithm. It is a 

simple, versatile and easy to use algorithm. Grid search is used to find the right 

hyperparameters for a particular model.  

c) SVM : 

SVM or Support Vector Machine is a supervised machine learning algorithm. SVM 

is a relatively more efficient model and can work efficiently with large datasets. 

DISCUSSION 

● Random search and Light GBM have a mean accuracy of 89.3% 

● Grid search , Light GBM and KNN have an accuracy of 88.9% 

● SVM has an average accuracy of 84% 

● The model that has the highest accuracy os 89.3% 

LIMITATION 

Light GBM can overfit data in some cases so there is a chance that the highest accuracy 

in 5 fold verification ie. 92.8% can be a result of overfitting. 

RECOMMENDATION / FURTHER STUDIES 

Applying deep learning algorithms can help in improving the accuracy. 

CONCLUSION 

After researching and testing different algorithms I conclude that Random Search and 

Light GBM give the highest accuracy. 

 



 

 

Next 5 Task 9 End of Task 

1. Implementation  

2. Discussion  

3. Limitation  

4. Recommendation/Further Studies 

5. Conclusion  
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