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Chapter 1 Introduction  

1.1 Overview  

     Thyroid issues are one of the most common conditions worldwide and are 

known to affect a wide range of physiological processes within human beings. 

The thyroid gland has a critical direct impact on regulating metabolism, 

cardiovascular function, and body temperature. Any disturbance in thyroid 

hormone production may lead to significant complications, including 

hypothyroidism and hyperthyroidism. Due to the prevalence of these conditions 

and their impact on human health, accurate and timely diagnosis remains a 

critical clinical point (Taylor et al., 2022). 

 

     Usually, thyroid issues are evaluated through lab testing of markers, such as 

thyroid-stimulating hormone (TSH), triiodothyronine (T3), and thyroxine (T4). 

These numbers are common in providing insights in clinical practice (Biondi & 

Cappola, 2021).  This lab metric does not always provide a direct insight, 

especially when numbers fall near diagnostic thresholds or when a lot of 

indicators must be taken into consideration at the same time.  

 

     Recent practices done by technology / medical members in illness 

identification and classification. These practices provide support in analyzing 

medical data and lab results. In our case in this paper,  many studies introduced 

the benefits of implementing machine learning models in the identification of 

conditions in the clinics based on lab numbers (Rajkomar et al., 2022). Many 

15

25
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good results have been proven through adopting these techniques in terms of 

accuracy. 

 

     Based on the facts mentioned, there is a gap that needs to be filled to not only 

provide accurate classification of thyroid disorders using lab results but also 

present the results in a clear, integrated method that can support clinical 

decisions. In this study we will address this need through implementing a 

machine learning framework that focuses on lab results while stressing 

interpretability and usability. 

 

1.2 Problem Definition  

     Machine learning methods have been applied to prediction thyroid disease; 

most studies have mainly focused on improving classification using lab 

biomarkers such as TSH, T3, and T4. While these techniques have proven 

effective results, their adoption in real clinical practices remains limited (Biondi 

& Cappola, 2021).  Frequently, models are implemented and adopted based on 

metrics alone, without sufficient consideration of how the results can be 

integrated and implemented by medical practitioners. 

 

     In clinical practice, diagnostic decisions are based on metrics and 

understanding of how different metrics contribute to the final consideration. 

However, many machine learning frameworks operate as mysterious systems, 

where predictions are generated without detailed and clear explanation. The 

absence of transparency reduces trust in these kinds of frameworks and limits 

their implementation in medical environments. This can result in even highly 

accurate models not providing meaningful support for clinical practices. 
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     Also, the absence of datasets that have accurate data impacted the adoption of 

more accurate methodologies. These issues are presented many times by authors 

in their papers in chapter 2 (Literature Review); new papers still present their 

work focusing only on lab testing results. Through this, a gap was found between 

the actual performance and technology in supporting medical people on their 

daily activities. 

 

     By looking into my statements above, I can provide an urge for a framework 

that does not only focus on providing medical people a classification of illnesses 

but also provides an enhancement of using the lab test results. The future 

framework is expected to provide a better understanding and provide medical 

teams structured results that match clinical results. 

 

1.3 Thesis Objectives  

    I have a lot of goals that I look forward to introducing in this paper, but the 

most important goal that I would like to introduce in this paper is a machine 

learning technique for thyroid problems with UCI laboratory datasets. 

 

The research will be guided by the following guidelines to help us meet our 

objective: 

• Use the UCI Thyroid data set and regard it as the major data set for our study. 

• Adopt decision trees and random forests as machine learning methods. 

• Test our findings/outputs using numbers and make sure they are accurate. 

• Create a framework that provides results to medical practitioners in a way that 

they understand. 
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• Reveal the limitations and challenges encountered during this study and 

provide suggestions on how to improve it in the future.  

 

     By doing these things, I would offer a framework that will provide the 

combination of high performance medical practitioners can rely on and 

interpretability for advanced machine learning. 
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1.4 Thesis Contribution  

     First, the study will pinpoint weaknesses in existing studies concerning the 

status of thyroid prediction at present. The above will be done by emphasizing 

the need to enhance not only the performance of the models but also their 

interpretability and practical implementation. 

 

     Decision trees and random forests will be used in the analysis of thyroid 

prediction by means of the UCI Thyroid dataset and precision, recall, and F1 

scores. The above-mentioned conceptual model is proposed so that findings can 

be communicated in an easy-to-understand way for medical practitioners. 

 

     Ultimately, issues with laboratory metric-based models will be determined, 

along with recommendations for the future.  
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1.5 Thesis Organization  

Chapter 1 

Chapter 1 will have an introduction to the problem and background information of 

the problem, and objectives of the work will be discussed in this chapter. 

Chapter 2 

In chapter 2, a literature review will be done and comparisons of the results will be 

done using similar papers. In the last part of this chapter, comparison of the similar 

paper work will be done. 

Chapter 3 

Chapter 3 will discuss the methodology that includes selection of the dataset and 

selecting appropriate methodology to accomplish the objective. 

Chapter 4 

Chapter 4 will discuss the results obtained from experimental work along with 

discussions on it. It will be done through presentation of the results using model 

evaluation measures of different classification models. 

Chapter 5 

Conclusion will be presented in the last chapter of the thesis. 20
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Chapter 2: Background and   Related Work  

       Thyroid disorder is considered an important disease from the medical aspect 

because of its high prevalence among humans and impacts on the body processes, 

such as metabolic rate, heart functions, and temperature regulation. In order to 

determine the efficiency of functioning of the thyroid gland, there is a need to 

evaluate different biochemical indices and their complex interconnection with 

the symptoms. This makes the computer-based application quite necessary 

because this system will be capable of analyzing clinical indices. Machine 

learning techniques have been proven to be rather useful in contemporary 

medicine because they allow for detecting regularities in health records that can 

be used for diagnosing different ailments. For this reason, many studies have 

utilized machine learning techniques for predicting or classifying diseases on the 

basis of different laboratory indices. Therefore, applying medical records of 

thyroid disorders with the use of machine learning techniques is rather required. 

 

2.1 Thyroid Gland and Thyroid Disorders 

       There exist many individuals globally who are experiencing health problems 

related to the thyroid. The thyroid gland is responsible for regulating various 

metabolic activities within the body. The thyroid affects a number of biological 

activities such as metabolism rates, cardiovascular actions, thermoregulation, and 

energy levels, among others. This implies that any form of dysfunction in the 

levels of thyroid hormone production may affect various organs and systems in 

the body (Biondi & Cappola, 2021). 

 

9
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     The thyroid gland is in the front part of the neck and produces two primary 

hormones: thyroxine (T4) and triiodothyronine (T3). These hormones are 

responsible for adjusting metabolism. The secretion of thyroid hormones is 

controlled by the hypothalamic–pituitary–thyroid (HPT) axis. In this scenario, 

the hypothalamus releases thyrotropin-releasing hormone (TRH), which 

increases the pituitary gland to produce thyroid-stimulating hormone (TSH). 

TSH then increases the thyroid gland to release T3 and T4. The levels of these 

hormones are regulated through a feedback mechanism that helps maintain 

hormonal balance (Ross et al., 2016). 

 

     Thyroid disfunction happens when the hormonal system does not function as 

usual. The most common forms of thyroid disfunction are hypothyroidism and 

hyperthyroidism. Hypothyroidism happens when the thyroid gland produces not 

enough levels of thyroid hormones. Patients with hypothyroidism may 

experience symptoms such as fatigue, weight gain, cold intolerance, and dry skin. 

Hyperthyroidism, on the other hand, occurs when the thyroid gland produces 

excessive thyroid hormones and may lead to symptoms such as weight loss, 

palpitations, anxiety, and heat intolerance (Biondi & Cappola, 2021; Chiovato et 

al., 2023). 

 

     To identify thyroid disorders, medical practitioners involve lab results of 

several biochemical indicators. Measurements of thyroid-stimulating hormone 

(TSH), triiodothyronine (T3), and thyroxine (T4) are commonly used to evaluate 

thyroid function. In some cases, additional derived indicators such as the Free 

Thyroxine Index (FTI) are used to improve the outcome understanding. Because 

thyroid hormones operate within a feedback system, involving these biomarkers 

1
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requires evaluating their relationships rather than examining each measurement 

alone (Ross et al., 2016). 

 

     Symptoms, in addition to lab indicators, also play an important role in the 

evaluation process. Yet, there is a lack of specificity with respect to symptoms 

since there are many symptoms that are not unique to thyroid disorders. These 

include fatigue, changes in weight, feeling hot or cold, and palpitations, among 

others. This causes clinicians to rely on a combination of laboratory indicators 

and evaluations done in the clinics when evaluating thyroid disorders (Chiovato 

et al., 2023). 

 

   The integration of various biochemical markers along with symptoms in a 

patient can sometimes be difficult, especially when lab values come very close 

to the cut-off values for diagnosis or there is a lack of definition in the symptoms. 

This has driven the need for computer-based algorithms capable of analyzing 

multiple parameters at once. Recent developments in AI and machine learning 

have revealed promising results for the analysis of health care data and predicting 

diseases (Khan et al., 2024). 

 

     It is crucial to have an understanding of the medical background regarding the 

physiology of the thyroid, its biomarkers, and symptoms before discussing the 

application of computational methods in predicting thyroid diseases. The 

knowledge acquired forms the basis for analyzing machine learning patterns that 

help in assessing thyroid data.  

18
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2.2 Machine Learning in Healthcare 

     Machine learning technology has become the new trend in contemporary 

analysis software applications in the health care sector. It involves software 

programs that allow machines to identify patterns in data and make predictions 

or classifications without requiring substantial coding for each task performed by 

the algorithm. Machine learning allows an algorithm to process big data and 

establish correlations among different variables that cannot be easily established 

through conventional statistics (Esteva et al., 2021). 

 

          In the health care industry, machine learning technology has increasingly 

been applied as the new trend in diagnosing diseases, assessing risk factors, and 

assisting decision-making processes. Medical data has several complicated 

relationships among patient data, laboratory reports, physical observations, and 

historical data. Machine learning technologies have been applied in processing 

such data and identifying patterns to assist physicians in their diagnoses and 

predictions (Topol, 2023). 

 

       Machine learning algorithms application in health care includes designing 

clinical decision support systems. The latter should provide clinical feedback 

through evaluation of data. The intention here is not to replace medical expertise 

but to complement the process through the provision of feedback which helps the 

practitioners understand information and detect disease patterns. Machine 

learning algorithms have found their way in many areas of medicine ranging from 

prediction of cardiovascular conditions, cancers diagnosis, and endocrine 

conditions analysis (Khan et al., 2024). 

 

21
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        Through the machine learning patterns, the lab indicators and symptoms can 

easily be integrated and evaluated together. Diagnosing any thyroid condition 

requires evaluating several lab indicators and symptoms at the same time. This 

might be quite hard under traditional approaches. To overcome such challenges, 

computational models could be used to evaluate combinations of lab results and 

symptoms to establish probabilities of thyroid conditions. 

 

       For this case study, the purpose of using the proposed algorithm is to assist 

in evaluating the risks of developing thyroid conditions through integration of 

clinical symptoms and lab indicators. 

 

2.3 Machine Learning for Thyroid Disease Prediction 

      Nowadays, machine learning models have been adopted in healthcare domains 

to aid disease identification and classification. Using machine learning models in 

the field of healthcare allows one to analyze the data obtained during practical 

activities and discover any patterns which might be related to thyroid disease. 

The connection between lab results and symptoms in thyroid diseases is rather 

complicated, which makes machine learning essential. 

 

        A number of research works have used machine learning models for 

predicting thyroid diseases. Most of those works have used laboratory 

parameters, including thyroid stimulating hormone (TSH), triiodothyronine (T3), 

and thyroxine (T4) as predictor variables. Several supervised machine learning 

models, such as decision tree, support vector machine, random forest, and neural 

network, were suggested as ways to classify patients according to their thyroid 

diseases (normal thyroid function, hypothyroidism, and hyperthyroidism). 

5
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     Recently, researchers have focused on improving prediction performance by 

comparing various machine learning models. Many machine learning algorithms 

have been examined using structured data such as the UCI Thyroid Disease Data 

Set. From the findings, it is evident that machine learning models can yield 

positive results in predicting thyroid disease (Khan et al., 2024). 

 

     While significant improvements have been made regarding the thyroid 

diseases prediction issue by machine learning algorithms, almost all research 

papers have considered only the results from laboratory tests without mentioning 

the signs of patients. When diagnosing thyroid disease in the context of medicine, 

physicians consider the lab test results as well as signs of patients. 

 

      In addition, a lot of literature talks about the preciseness of prediction without 

considering any other criteria, for instance, interpretablity. Thus, if we talk about 

health issues, the machine learning algorithms should be precise and at the same 

time interpretable to make decisions based on their results. 

 

     Several disadvantages inherent to the existing approaches applied in 

assessment of thyroid data have been listed in this paper. Having considered the 

mentioned disadvantages, it was suggested to use the hybrid approach which 

combines symptom assessment and machine learning algorithms.  
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2.4 Comments of other researchers  

     Thyroid disease has been studied by many researchers using different 

methods. Both machine learning laboratory methods and clinical assessment 

methods have been employed to determine diagnosis and/or prognosis. Much 

current research focuses on laboratory biomarkers as the input to the predictive 

model. 

 

      Along these lines, Islam et al. (2022) found that machine learning models can 

be highly effective at predicting hypothyroidism from biological indicators such 

as TSH, T3 and T4 levels during hospital training sessions. Similar outcomes 

were achieved by Alshamrani et al. (2023) by applying several machine learning 

techniques to organized thyroid datasets to achieve accurate classification results. 

While results from such data are significant and reliable, more recent analyses by 

Shen et al. (2023) indicate that many methods heavily rely on organized 

numerical data and focus on improving the accuracy of future predictions. 

 

      Several researchers explored in depth the clinical aspects of thyroid diseases, 

emphasizing the difficulty of the diagnosis and the limitations of an entirely 

laboratory-based approach. Biondi and Cappola (2021) highlighted the many 

links of thyroid dysfunction, and its correct interpretation requires a thoughtful 

clinical approach. Chiovato et al. (2023) stressed that, in the real-life clinical 

practice, the diagnosis of thyroid diseases mainly relies on the correct 

interpretation of the laboratory data in the frame of the whole clinical case. 

There has been growing interest in how AI can be utilized within clinical practice 

as part of AI in healthcare. In their review of decision-support systems, Sutton et 

al. (2020) suggested that output should be clear, transparent and appropriate. 
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Effectiveness and integration into clinical workflows (Jiang et al. 2022) are also 

key considerations. However, as noted by Sendak et al. (2021), many machine 

learning models fail to translate into clinical practice due to user unfriendliness 

and lack of trustworthiness. In addition, it is generally agreed that a model which 

achieves high performance in prediction must also have good interpretability and 

reproducibility (Miotto et al. 2021, Rajkomar et al. 2022). 

 

     Thyroid diseases in the lab have been much better characterized in recent 

years. However, a major limitation of current research is the lack of focus on the 

interpretability and applicability of model results. Even though good predictions 

can be made, the results are not interpretable enough and therefore not useful 

enough for clinical decision support.  
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2.4.1 Analytical Discussion of Previous Research 

     It therefore becomes clear that existing literature offers a wealth of information 

but fails to fulfill the required criteria. Machine learning studies conducted in 

laboratories have shown remarkable prediction capabilities; nevertheless, their heavy 

reliance on numerical measures makes it harder to comprehend their clinical 

significance, as mentioned in various reviews, including Shen et al. (2023). 

 

      Unlike that, clinical studies like the one carried out by Biondi & Cappola (2021) 

and Chiovato et al. (2023) demonstrate how complicated it is to analyze thyroid 

disorders and the requirement for the interpretation of findings. Nonetheless, there 

are no computational methods suggested by previous studies for automatic 

classification. 

 

     Furthermore, the mentioned properties that an AI-based system needs to have for 

being considered successfully implemented in the medical environment include 

interpretability, reliability, and clinically oriented nature, according to the literature 

on clinical applications, such as Sutton et al. (2020), Sendak et al. (2021), and Jiang 

et al. (2022). However, although there is a lot of evidence for the need for the 

discussed attributes, most algorithms are oriented exclusively towards increasing the 

accuracy of their models, as was indicated, among others, by Rajkomar et al. (2022) 

and Miotto et al. (2021). 

 

9
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      Taking into consideration the presented limitation, the current paperwork opts to 

use machine learning based on numerical laboratory values, focusing specifically on 

its interpretability. 

 

     The idea behind such a choice implies that the emphasis should not be on the 

predicted value itself but rather on explaining how the behavior of the created 

algorithm operates. According to this purpose, one may assume that the research will 

be valuable for the classification of the discussed health condition.  
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2.5 Research Gap 

    In this regard, it must be said that these articles show a shift in the field in their 

departure from diagnostic techniques and application of more sophisticated 

technology in practice, such as machine learning. At the same time, no matter 

what new developments may appear in this field, the fact still exists that 

physicians do not want to gather all data obtained during laboratory analysis and 

during clinical diagnosis into a single database. 

 

        It can be exemplified by the guidelines proposed by Ross et al. (2016). 

According to the recommendations provided by the authors, physicians should 

diagnose and treat patients with various conditions related to the functioning of 

the thyroid gland according to data obtained as a result of laboratory analysis of 

blood, i.e., TSH, T3, and T4. Recommendations are created on the basis of 

experience and acquired medical knowledge; hence, there is no need for any sort 

of data modeling and management in this context. 

 

      However, now consider the example of Dua and Graff (2019) and the thyroid 

data from the UCI Machine Learning Repository. This is an excellent resource 

for those who need to prepare their data, select features, and run ML models. 

However, the dataset is numeric only, meaning no records about patient 

symptoms or narratives of cases can be found there. According to Shen et al. 

(2023), such datasets overvalue laboratory parameters in the analysis and 

undervalue the importance of the whole clinical picture. 

 

     Sutton et al. (2020) concentrate on the usability of the systems being discussed 

from a wide range of perspectives. Specifically, the researchers indicate that such 

1

24
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systems must be utilized naturally and must have been developed in line with 

certain procedures in the industry. However, there is no list of specific 

requirements regarding the type of database or prediction tool that should be used 

in their study. Useful suggestions are provided; nevertheless, they do not have 

anything to do with thyroid diseases or machine learning algorithms. 

 

      Biondi and Cappola (2021) focused entirely on the medical domain. This 

article examined the difficulty of interpreting hormone profiles, which is a 

complicated issue. There is no mention of machine learning, nor any discussion 

of metrics for predictions or automation. These results can be used directly by 

physicians, yet that is where their practical application ends. 

 

      One can cite the work of Esteva et al. (2021). They stressed the potential 

benefits of deep learning technologies in medicine, particularly in the area of 

image processing. They were able to achieve very high detection rates thanks to 

large databases and neural networks. However, this study did not consider 

laboratory data that could be structured, such as the information related to 

thyroids. 

 

     Sendak et al. (2021) studied the factors required to introduce machine learning 

to regular healthcare processes. They identified various issues in implementation 

such as trustworthiness, usability, and adaptability of models to particular 

infrastructure. This research is not based on particular dataset and predictive 

model but rather discusses general challenges faced by scientists trying to make 

machine learning usable in practice. 

 

28
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     In 2021, Miotto et al. emphasized the significance of combining various data 

sets to enhance prediction power in the domain of medicine. The authors of the 

study surveyed various datasets and models and found that combination is the 

answer. 

 

     Moving away from the model-oriented research, Islam et al. (2022) examined 

different machine learning techniques for diagnosing thyroid diseases with the 

help of the UCI database. These researchers covered everything from data 

preprocessing to training a model and obtaining various measures such as 

accuracy and F1-score. The outcome was promising, yet the research lacked 

practicality in terms of physicians being able to implement it in their everyday 

practice. Similarly, Rajkomar et al. (2022) noted that while many models are 

technically sound, no one understands the logic behind them. In other words, the 

technology is available, yet not ready for implementation. 

 

     Jiang et al. (2022) considered the ways in which artificial intelligence might 

integrate into clinical procedures. These authors' approach relied mostly on 

theoretical considerations rather than practical solutions to be adopted by 

practitioners. 

 

     Back in Rajkomar et al. (2022), the authors revisited another important topic, 

i.e., besides being good at prediction, models should be interpretable and 

transparent. The topic was covered through a variety of medical applications, but 

thyroid disease and guidelines were not included. Nevertheless, the main idea 

was crystal clear. 

22
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     Alshamrani et al. (2023) once again compared machine learning models that 

demonstrated high prediction rates based on the structured laboratory dataset 

related to thyroid diseases. However, similar to other works, the models remained 

rather a black box since they worked accurately but lacked interpretability. The 

same problem was identified by Shen et al. (2023). 

 

     Chiovato et al. (2023) brought back the basics of clinical work through their 

research in laboratories of the thyroid gland. Unlike the other works discussed 

above, Chiovato et al. (2023) focused on the problem clinically and noted that 

accurate diagnosis is quite difficult and complicated, especially without the use 

of AI technology. 

 

      Shen et al. (2023) carried out a detailed literature review on machine learning 

in predicting outcomes for endocrines. According to the findings of these 

researchers, it can be noticed that most researchers focus only on structured data 

and precision. There is no interest whatsoever in usability and explainability. 

This is the reason why more research is necessary. 

 

      Khan et al. (2024) showed once again that machine learning algorithms 

continue increasing the accuracy rate in diagnosing endocrines. As can be seen 

from other studies, researchers have not considered anything but structured data 

and traditional criteria.
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2.5.1 Summary of Related  

# Study Name Date Author Research Focus 
Method / 
Approach 

Key 
Contribution 

Identified 
Limitation 

1 

American Thyroid 
Association 

Guidelines for 
Hyperthyroidism 

2016 Ross et al. 
Clinical diagnosis 

of thyroid 
disorders 

Clinical 
guidelines based 

on laboratory 
biomarkers 

(TSH, T3, T4) 

Established 
standardized 
diagnostic 

protocols for 
thyroid 

assessment 

Does not include 
computational 

models or 
automated 
prediction 

2 
High-Performance 
Medicine: Human 

and AI 
2019 Topol AI in healthcare 

Conceptual 
framework (no 

dataset or 
model) 

Emphasized 
integration of 

human expertise 
with AI systems 

No disease-
specific 

implementation or 
predictive model 

3 
UCI Machine 

Learning 
Repository 

2019 
Dua & 
Graff 

Dataset for ML 
research 

Structured 
dataset for 
supervised 

learning (lab-
based features) 

Provides 
benchmark 
dataset for 

thyroid 
classification 

Limited to 
laboratory data; 

lacks clinical 
context (Shen et 

al., 2023) 

4 
Clinical Decision 
Support Systems 

Review 
2020 

Sutton et 
al. 

Decision-support 
systems 

Literature 
review (no 

specific 
dataset/model) 

Highlighted 
importance of 
interpretability 
and usability 

No thyroid-
specific 

application or ML 
implementation 

5 
Subclinical Thyroid 

Disease 
2021 

Biondi & 
Cappola 

Thyroid 
physiology and 

clinical evaluation 

Clinical review 
based on 
medical 
evidence 

Provided 
comprehensive 
understanding 

of thyroid 
dysfunction 

No computational 
or predictive 

modeling 
approach 

6 
Deep Learning in 

Healthcare 
2021 

Esteva et 
al. 

AI in healthcare 

Deep learning 
models 

(primarily 
imaging 

datasets) with 
accuracy-based 

evaluation 

Demonstrated 
strong 

performance of 
AI in disease 

detection 

Focuses on 
imaging; limited 
applicability to 
structured lab 

data; 
interpretability 

challenges 
(Miotto et al., 

2021) 

7 
ML Challenges in 

Healthcare 
2021 

Sendak et 
al. 

ML 
implementation in 

healthcare 

Analytical 
review of real-

world 
deployment 
challenges 

Identified issues 
of usability, 

reliability, and 
integration 

No disease-
specific 

framework or 
predictive model 

8 
Deep Learning 

Review in 
Healthcare 

2021 
Miotto et 

al. 
AI in healthcare 

Literature 
review across 

multiple datasets 
and models 

Emphasized 
importance of 

integrating 
multiple data 

sources 

No structured 
framework for 

integration; 
interpretability 
remains limited 

9 
ML for Thyroid 

Disease Prediction 
2022 Islam et al. 

Thyroid 
classification 

UCI dataset, ML 
models (DT, 
SVM, etc.), 

Achieved strong 
classification 

Focuses mainly 
on accuracy; 

limited 

16
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evaluation using 
Accuracy, 
Precision, 

Recall, F1-score 

performance 
using lab data 

interpretability 
(Rajkomar et al., 

2022) 

10 
AI in Healthcare 

Review 
2022 Jiang et al. 

AI applications in 
healthcare 

Review-based 
analysis (no 

dataset/model) 

Highlighted 
importance of 

clinical 
integration of 

AI 

No disease-
specific 

implementation or 
technical 

framework 

11 
Machine Learning 

in Medicine 
2022 

Rajkomar 
et al. 

ML in clinical 
practice 

Review of ML 
applications in 

healthcare 

Emphasized 
need for 

interpretability 
and clinical 

trust 

Does not provide 
implementation 

methods for 
improving 

interpretability 

12 
ML Comparative 

Analysis for 
Thyroid 

2023 
Alshamrani 

et al. 
Thyroid prediction 

Structured 
dataset, multiple 

ML models, 
evaluated using 
classification 

metrics 

Demonstrated 
effectiveness of 
ML algorithms 

for thyroid 
classification 

Relies on lab-
based features; 

lacks 
interpretability 

(Shen et al., 2023) 

13 
Advances in 

Thyroid Diagnosis 
2023 

Chiovato et 
al. 

Clinical thyroid 
diagnosis 

Clinical review 
of thyroid 
disorders 

Highlighted 
importance of 
combining lab 

results with 
clinical 

understanding 

No machine 
learning or 
predictive 
modeling 
approach 

14 
ML in Endocrine 

Diseases 
2023 Shen et al. 

ML applications in 
endocrine diseases 

Systematic 
review of 

datasets, models, 
and evaluation 

methods 

Identified trends 
in ML-based 

endocrine 
prediction 

Most models rely 
on lab data and 

focus on 
accuracy; limited 
interpretability 

15 
AI in Endocrine 

Disease Prediction 
2024 Khan et al. 

ML in endocrine 
diseases 

Comparative 
ML models with 

standard 
evaluation 

metrics 

Showed 
potential of AI 
in improving 

prediction 
performance 

Limited focus on 
interpretability 

and clinical 
usability (Sendak 

et al., 2021) 
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Chapter 3: Proposed Approach (Methodology) 
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Chapter 4: Experimental Results and Discussion  
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Chapter 5: Conclusion and Future Work  
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