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ABSTRACT

Anemia is a common hematologic condition that requires prompt and precise diagnosis in order to be managed and
treated. This study investigates the use of different machine learning models to categorize different kinds of anemia
based on complete blood count (CBC) data. To determine the best method for diagnosing anemia, we tested a number
of models, such as XGBoost, Random Forest Classifier, and Decision Tree Classifier. The collection included CBC
data from several medical facilities that had been tagged with anemia diagnosis. After thorough data pretreatment,
features were chosen utilizing techniques like ensemble model feature significance, Variance Inflation Factor (VIF),
and Predictive Power Score (PPS). GridSearchCV was used to tune the models' hyperparameters while 5-fold cross-
validation was used for training and evaluation. The Decision Tree Classifier outperformed more intricate ensemble
techniques, achieving the greatest balanced accuracy score of 94.17%, according to the results. Confusion matrices
demonstrated its accuracy and recall while validating its strong performance. The work emphasizes how straightforward
decision tree models can be used for medical diagnosis tasks, especially when datasets are properly preprocessed.
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INTRODUCTION

Iron deficiency, sometimes known as anemia, is one
of the most prevalent public health issues that many
nations face globally. It primarily affects young
children under the age of six. According to studies,
iron deficiency is a typical occurrence in
underdeveloped nations like Africa and can affect
people of all ages. However, pregnant women and
children under the age of 59 months are more
vulnerable. Fatigue, weakness, pale skin, shortness of
breath, and lightheadedness are signs of iron
deficiency. Since iron deficiency has major economic
ramifications and impedes national progress by
lowering the labor capability of individuals and entire
populations, early detection is crucial for appropriate
treatment and the avoidance of additional
consequences. When someone has iron deficiency,
their vital organs—such as the heart, brain, liver, and
kidneys— get more blood, while their less vital
organs receive less. Iron deficiency, also known as red

blood cell deficiency, is the result of the hemoglobin
value in the blood vessels falling below the normal
blood threshold in the human body. When medical
authorities or doctors examine the conjunctiva of the
eyes, they can identify and diagnose iron deficiency,
often known as anemia. Clinical signals are a common
term used to describe this approach. However,
research indicates that this approach is not dependable
or effective because it occasionally relies on the
medical officer's judgment based on the degree of eye
conjunctival color and paleness. The amount of
hemoglobin in the blood or the hematocrit, which
calculates the ratio of red blood cells to total blood
volume, can be used to confirm the diagnosis or
detection of iron deficiency. A patient is considered to
have iron deficiency (anemia) if their hemoglobin or
hematocrit values are more than two standard
deviations below normal. Since the hemoglobin and
hematocrit levels are probably within the normal
range, a patient with a low RBC mass who is also
suffering from hypovolemia-induced dehydration-
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induced plasma volume loss may not have blood that
appropriately represents the severity of the iron
shortage. On the other hand, the invasive method of
detecting iron deficiency is typically used, when
blood samples are collected and sent to a lab for an
iron deficiency test to determine whether or not a
patient has iron deficiency. This intrusive method is
costly, time- consuming, and inappropriate for remote
areas without enough medical facilities, resources, or
staff, including doctors and biological scientists, to
conduct these tests. To overcome this obstacle,
researchers have suggested using a non-invasive
technology that uses machine learning to identify iron
shortage. This method is reliable, efficient, and less
expensive. In particular, researchers have been able to
create automated methods for the diagnosis of iron
deficiency (anemia) from the conjunctiva of the eye
photographs thanks to recent developments in
machine learning techniques and approaches. These
devices have shown good accuracy and are helpful for
early iron deficiency detection, particularly in places
with limited medical staff and facilities. Accordingly,
the current study suggested employing machine
learning models to diagnose iron deficiency using a
primary medical dataset (eye conjunctiva photos)
gathered from certain Ghanaian hospitals. That is, to
evaluate how well different machine learning
algorithms—Iike support vector machines, decision
trees, Naive Bayes, and convolutional neural
networks—perform in detecting iron deficiency in
health facilities or centers, particularly in Ghana
where there are a lack of doctors or medical officers.
Due to its cost-effectiveness, timely outcome-
orientedness, and performance efficiency, this would
need prompt iron deficiency detection and treatment.

LITERATURE ANALYSIS:

Literature evaluate is an absolutely vital step inside
the software development procedure. Before growing
a tool, it is important to decide the time factor, cost
savings, and reliability of the organisation. Once these
items are satisfied, the next step is to determine which
gadget and language may be used to increase the tool.
When programmers start constructing a tool, they
need plenty of out of doors assist. This guide can
come from skilled programmers, books, or web sites.
Before designing the device, the above issues are
taken into consideration to enhance the proposed
device.
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1. Anemia was analyzed using the Catboost classifier.
Even though anemia is extremely common,
preventable, and easily cured, doctors frequently
overlook it, especially in hospital settings. Drawbacks
were lower complexity and performance.

2. To predict children's iron insufficiency,a decision
tree classifier was employed .In addition to describing
the diagnostic processes in cases with or without
anemia, this narrative review focused on the most
suggestive signs of iron deficiency in children and
offered Swiss expert-based therapy suggestions for
the pediatric setting. It was discovered that one of the
most frequent issues pediatricians deal with is iron
insufficiency (ID).

3. Methods for adaptive sampling that can focus on
regions that we may not be convinced are at high risk.
With the use of our maps, which highlight regions that
are expected to fall short of the WHO GNT and
locations where significant within- country disparities
occur, precision public health tools were used to
allocate resources appropriately and target the most
vulnerable groups with subsequent interventions.

4. Depending on the laboratory technique, the normal
absolute reticulocyte count (ARC) varies. Another
useful red cell indicator that helps restrict the
differential diagnosis of anemia caused by decreased
production was the mean corpuscular volume (MCV).
5. The core of this study was that by multiplying the
percentage of reticulocytes by the RBC count/L, one
can determine the absolute reticulocyte count (ARC).
Patients' quality of life is improved by early diagnosis
and timely treatment.

EXISTING SYSTEM:

The current machine learning-based anemia
classification systems usually employ a variety of
algorithms to evaluate clinical data and forecast the
existence or kind of anemia. These tools are designed
to help medical professionals diagnose anemia more
quickly and reliably, especially in areas with limited
resources where manual analysis could be unreliable
or time-consuming. The current machine learning-
based anemia classification algorithms have
demonstrated potential for increasing the precision
and effectiveness of diagnosis. These systems classify
various forms of anemia by analyzing clinical data
using a range of machine learning methods. To
guarantee that these systems can be extensivelyused
and successfully incorporated into clinical practice,
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however, issues including  data  reliance,
generalization, and ethical considerations must be
resolved. To progress the field and improve patient
outcomes, constant enhancements in data quality,
algorithm performance, and system transparency are
necessary.

Disadvantages:

Over the past few years, academics have become
interested in the use of machine learning algorithms
in the identification of anemia. The effectiveness of
these algorithms in identifying anemia has been
assessed in a number of research, with widely
differing findings.

e One of the main limitations of machine learning
techniques for diagnosing anemia is the
requirement for a large and diverse dataset.

e The causes and symptoms of anemia can differ
significantly from person to person, making it a
complex disorder. Therefore, in order to identify
anemia accurately, machine learning algorithms
need a sufficient number of data points, which
may not always be available.

e Nevertheless, each machine learning algorithm
has its own set of restrictions or shortcomings.

Requirement Analysis:

Through requirement analysis, the system engineer
can define the function and performance of the
software, show how the software interfaces with other
system components, and set requirements that the
program must adhere to. Through requirement
analysis, the analyst can improve software allocation
and create models of the functional, behavioral, and
data domains that the program will handle.
Understanding the needs of the user in light of the
organization's goals and the setting in which the
system is placed is the first stage. The user is given
consideration to continue working within the
organization's stated goals. Determining user
expectations for a new, changed product is known as
requirement analysis, or requirement engineering. It
includes the activities that establish whether software
or system requirements analysis, documentation,
validation, and management are necessary. In relation
to identified business needs or opportunities, the
requirements should be quantifiable, actionable,
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traceable, testable, and documentable. They should
also be sufficiently detailed for system design.

Requirement Specification:
Hardware Requirements

e System: Pentium Dual Core.

e Hard Disk: 120 GB.

e  Monitor: 15”> LED

e Input Devices: Keyboard, Mouse
e Ram:1 GB Software Requirements
e Operating system: Windows 10

e Coding Language: Python

PROPOSED SYSTEM:

By examining clinical data, the suggested machine
learning-based anemia classification method is
intended to precisely identify and categorize various
forms of anemia. Through early detection and
accurate categorization, this system seeks to improve
patient outcomes, speed up the diagnostic process,
and improve the diagnostic process. The suggested
approach will categorize anemia into many forms,
including hemolytic anemia, pernicious anemia, and
iron deficient anemia, using machine learning
algorithms. The technology will create predictions
and help medical professionals make well-informed
decisions by analyzing clinical data, including
Complete Blood Count (CBC) results and other
pertinent patient information. The goal of the
suggested  machine  learning-based  anemia
categorization system is to offer a scalable, accurate,
and effective way to diagnose anemia. This
technology has the potential to greatly improve
diagnostic procedures, lessen the workload for
medical personnel, and improve patient outcomes by
utilizing sophisticated algorithms, secure cloud
infrastructure, and an intuitive user interface. The
system will adapt to medical developments and
continue to be a useful tool in clinical practice thanks
to ongoing enhancements and feedback integration.

Advantages:

e Improved Diagnosis Speed

e Enhanced Efficiency

e Enhanced Diagnostic Accuracy

e Managing Large and Complex Datasets
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Selected Methododlogies
Decision Tree Classifier:

One supervised device learning technigue that can be
used to address regression and classification issues is
the selection tree. It is a straightforward but efficient
technique for making inferences mostly from enter
functions. This method builds a tree structure in which
each internal node stands for an attribute or belonging,
each branch for a decision rule based on those
attributes, and each leaf node for a magnificence label
or numerical value (regression).

Algorithm:

Step 1: Define the goal variable and choose the
applicable features that will affect the classification.
Step 2: Standardize the records in order that each
feature is at the equal stage.

Step 3: Set the version weights and biases to zero or
about the minimal starting values.

Step 4: Describe the value and sigmoid functions that
rework any actual range to a price among zero and 1.
Step 5: Evaluate the model performance on the test set
via calculating metrics such as F1 score, recollect,
precision, and self-belief.

Step 6: Change most parameters, consisting of the
regularization power, mastering fee, and number of
iterations, to improve the model's overall
performance.

Step 7: Apply the skilled selection tree algorithm
version to new information and predictions

Random Forest Classifier:

The supervised mastering method includes the well-
known device learning algorithm Random Forest,
which is used to classify and relapse issues in device
dominating. As the name implies, it relies entirely on
the possibility of troupe examining, which is the
process of several groupings to resolve a complex
issue and to advance from generally speaking
execution. Instead of using an unmarried choice tree,
an irregular lush region takes forecasts from each tree
and, based entirely on the votes of various
expectations, predicts the last eventual outcomes. The
massive assortment of shrubs inside the lush region
ensures extreme accuracy and prevents the problem of
overfitting. The table below illustrates how the
random soar set of rules operates.
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Algorithm:

Steps: 1. Gathering the information required to build
the random woodland is the first step.

Step 2: Next, you should describe the issue for which
the random forest is required to fix. The binary
department is the issue here.

Step 3: In order to assess the random leap version's
performance, you want to separate the information
into learning and attempting.

Step: 4. After building the random forest model, you
might analyze its overall performance at the
checkpoint.

Step 5: If the random woodland model's application is
not always first-rate, you must adjust the hyper
parameters to achieve better results.

Step6: If you&#39; re satisfied with the overall
performance of random forest fashions, you can
utilize them to forecast previously undiscovered
statistics.

XGBoost Classifier:

XGBoost is an optimized distributed gradient
boosting toolkit developed for efficient and scalable
training of machine learning models. The predictions
of several weak models are combined in this ensemble
learning technique to produce a stronger prediction.
XGBoost stands for “Extreme Gradient Boosting”
and it has become one of the most popular and
commonly utilized machine learning algorithms due
to its capacity to handle enormous datasets and its
ability to attain cutting-edge results in a variety of
machine learning tasks, including categorization and
regression. XGBoost's effective handling of missing
values is one of its primary characteristics. This
enables it to manage missing values in real-world data
without  requiring  significant  pre-processing.
Additionally, XGBoost features built-in support for
parallel processing, which enables model training on
big datasets within a fair time frame.

Algorithm:

Step: 1 the first step is to gather the data that you want
to use to train the Gradient Boosting Algorithm
model.

Step: 2 Next, you need to define the problem that you
want to solve using Gradient Boosting Algorithm. In
this case, it is a binary classification problem
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Step: 3 to evaluate the performance of the Gradient
Boosting Algorithm model,you need to split the data
into training and test sets.

Step: 4 after training the Gradient Boosting Algorithm
model, you can evaluate its performance on the test
set.

Step: 5 if the performance of the Gradient Boosting
Algorithm model is not satisfactory, you may need to
tune the hyper parameters to achieve better results.
Step: 6 once you are satisfied with the performance of
the Gradient Boosting

Algorithm model, you can deploy it to make
predictions on new, unseen data.

SYSTEM ARCHITECTURE:

The picture of the general characteristics of the
product is linked to the material of the premises and
the extreme level of the necessities of the device.
During the architectural layout, countless internet
pages and their links are defined and designed. The
foremost software additives are recognized, divided
into processing modules and conceptual systems, and
the relationships among them are defined. The
proposed framework classifies the supporting
modules.

CBC Report

Prediction
Algorithms

Random Forest (RF)

Best Performer

(RF: n = 20, 30, 40)

Bagging

Accuracy Improvement

Prediction of Anemia in Children

Fig 1: System Architecture

System Modules:

e Data Collection

e Data Preprocessing

e Feature Selection and Engineering
o Model Development

e Model Evaluation

o Classification

Data Collection Module:

Gather data from medical records, including CBC
results, patient demographics (age, gender), medical
history, and symptoms. Utilize publicly available
medical datasets or collaborate with hospitals and
research institutions for data collection. Ensure a
sufficiently large and diverse dataset to train robust
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machine learning models. Data should be labeled with
the correct anemia classification, verified by medical
experts.

Data pre-processing:

Handle missing data using methods like imputation,
where missing values are filled in using the mean,
median, or mode of the dataset, or by removing
incomplete records. Identify and address outliers that
may distort model training, either by removing them
or transforming them. Normalize or standardize
numerical features to ensure uniformity across the
dataset, which helps in improving model
performance. Convert categorical variables (e.g.,
gender, blood types) into numerical formats using
techniques like one-hot encoding or label encoding.
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Feature Selection and Engineering:

Perform correlation analysis to understand the
relationship between features and the target variable
(type of anemia). Use techniques such as Recursive
Feature Elimination (RFE), Principal Component
Analysis (PCA), or LASSO regression to identify the
most relevant features for classification.

Model Development:

Start with a variety of machine learning algorithms,
including Decision Trees, Random Forests and
XGBoost classifier. Develop a simple baseline model
to set a benchmark for performance.

Training the Model:

Data Splitting: Split the dataset into training,
validation, and testing sets (commonly 70% training,
15% validation, 15% testing). Cross-Validation: Use
k-fold cross-validation to ensure the model's
robustness and reduce the risk of overfitting.

Model Evaluation Performance Metrics:

e Accuracy: Measure the overall correctness of the
model's classifications.

e Precision, Recall, and F1-Score: Evaluate the
model's ability to correctly classify each type of
anemia, particularly in the case of imbalanced
datasets.

o AUC-ROC Curve: Analyze the trade-off between
true positive rates and false positive rates,
providing a comprehensive measure of the
model's performance.

e Error Analysis: Use the confusion matrix to
identify and understand misclassifications, which
can guide further improvements in the model.

Classification Module:

In this module, anemia classification using machine
learning provides a structured approach to developing
a robust

and accurate system. By carefully selecting features,
optimizing models, and integrating them into clinical
workflows, this methodology aims to improve the
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accuracy and efficiency of anemia diagnosis,
ultimately enhancing patient outcomes. Continuous
improvement through feedback and model updates is
crucial for maintaining the system's relevance and
effectiveness in real-world applications

CONCLUSION:

One of the most common disorders among women
and children worldwide is anemia, which should be
detected and treated early on since it can impact adult
productivity and academic achievement, which in turn
can have an impact on a country's economy and
society. Accordingly, this study tackles the challenge
of effectively classifying patients into the appropriate
class (stage of anemia) using a variety of machine
learning algorithms to identify the condition at
different stages. The initial stage, known as the mild-
class, is crucial for recognizing and preventing future
progression into worsening levels. Results from RF's
classification of anemia were encouraging. RF shows
the best recall and AUC values for the Moderate class.
Since the majority of patients would have been aware
that they had anemia at this point, the Severe class,
which is the most advanced stage, has the least
bearing on classification. However, there may be a
small number of cases in which the patient is unaware
that anemia is present at this point. With the aid of RF
and Decision Trees, this article attempts to reliably
predict the presence of anemia at this stage. In
conclusion, using machine learning techniques that
have been shown to be accurate for our anemia
dataset, the research attempts to predict the existence
of anemia at different phases
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