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Using K-nearest neighbor (KNN) machine learning algorithm to
diagnose heart diseases in (Alkarama Teaching Hospital/ Iraq)

Hatem Abdul Hussein Ali Alquraishi '

Abstract

Despite the presence of many research papers related to the prediction of heart disease
through the use of artificial intelligence, the significance of heart disease and the extent
of its impact on the lives of people lead to the fact that the researchers must continue to
work on building the best program to predict heart disease from an early age to avoid
its development, in this paper the researchers are using the K-nearest neighbor
algorithm for the prediction of heart disease. The dataset used in this paper is collected
from local hospitals in Irag and was cleaned and analyzed by the researchers. The
diagnosis system that is proposed in this work is to assist physicians to diagnose heart
conditions by converting medical factors of the patients in to numerical representations,
the simulation results show that the proposed K nearest neighbor classifier has 86%
accuracy in classifying 4 medical heart conditions when using controlled databases.
The researchers concluded that the most common heart conditions that are found in Iraq
are the ones classified in this algorithm, which are Coronary heart disease, Congestive
Heart failure, and Arrhythmias. The researchers conclude that there is a direct
relationship between the amount of training data and the algorithm’s accuracy and an
inverse relationship between the number of neighbors K and the algorithm’s accuracy.
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Introduction
Heart diseases are the leading cause of death

worldwide, The Iragi Ministry of Health in
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their annual report, reported 140,621 deaths in
2019, 28.83% of those deaths were due to heart
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disease, while cancer related deaths were only
9.33% and road traffic accidents accounted for
4.9%. Motivated by the worldwide increase in
mortality of heart disease patients each year, and
the availability of gigantic volumes of healthcare
data, which can be used to extract useful
knowledge, to diagnose heart diseases with high
accuracy to help physicians make informed
decisions when treating patients. Researchers are
increasingly adopting machine learning in
diagnosing heart diseases [1], the researchers
wanted to examine the accuracy of machine
learning methods in diagnosing heart diseases to
determine the most suitable way for diagnosing
[2]. The researcher chose K-Nearest Neighbors
(KNN) Algorithm as the algorithm of choice to be
tested as a machine learning algorithm. The
researchers chose KNN for multiple reasons one of
the reasons is its ease of use compared to other
algorithms, the other reason is its effectiveness
based on multiple studies which examined the
effectiveness of KNN against other machine
learning algorithms most concluded that KNN was
the most effective algorithm in diagnosing heart
disease. The researchers used a dataset collected
from local Iraqgi hospitals that consists of 201

patients.

Research Problem

Though machine learning approaches have broadly
found their application in the diagnosis of heart
disease, most works available depend on publicly
available datasets and do not depict local
population characteristics. In this view of the Iraqgi
healthcare scenario, data-driven diagnostic systems
based on locally collected clinical data are scarce
for such models to apply in the real clinical
Besides, suitable

environment. choosing a

algorithm among various options with reasonable

accuracies that are simple and interpretable for
medical use is another challenge. Therefore, this
study frames and tests the problem of building a
K-Nearest Neighbor (KNN)-based diagnostic
model for heart diseases using actual patient data
obtained from Alkarama Teaching Hospital in
Irag.

Significance of the Study
This study is practically and scientifically
important. In practice, the proposed system will
help physicians in diagnosing common heart
diseases by providing another decision support
based on clinical data about the patient. On a
scientific note, This study contributes to the
existing literature by evaluating the performance
of the KNN algorithm through a dataset collected
locally rather than standardized international
datasets. Other findings include how training data
size relates to the number of neighbors (K) and
classification accuracy, which can guide further
research as well as system development in similar

healthcare environments.

Related work

[3]: conducted a comparative study of five
machine-learning algorithms for predicting heart
disease using the UCI dataset. The algorithms
chosen by the researchers were K-nearest neighbor
(KNN),

(SVM), decision tree, logistic regression, gradient

Support  Vector Machine Algorithm
descent. And the results showed that the algorithm
with the highest accuracy was KNN with an
accuracy of 85.7%. And the lowest algorithm for
diagnosing heart diseases was gradient descent
which had an accuracy of 73.63%.

[4]: did a correlation analysis using Pearson
correlation to find the effective data in heart failure

when using K-nearest neighbor (KNN) as a
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machine learning algorithm for diagnosing heart
diseases, the researchers concluded that highly
correlated features significantly affected the
performance of KNN, and the KNN model had a
high accuracy of 97.07% in diagnosing heart
failure using a dataset from Kaggle data
repository .

[5]: published a study comparing two supervised
machine learning algorithms which are K-Nearest
(KNN)
diagnosing heart diseases, the experimental results

Neighbor and Random Forest in
obtained by the researchers showed that KNN had
the highest accuracy of 86.885% compared to
random forest which had an accuracy of 81.967%.
[6]: published a detailed study looking into the
ability of using KNN in diagnosing Coronavirus
Disease 2019 their results showed that the
algorithm achieved high accuracy and stable
outcomes compared to other machine learning

algorithms they tested in diagnosing Covid-19.

Background

Machine learning is a part of artificial intelligence
that has algorithmic approaches which allow
machines to solve problems without explicit
computer programming [7]. Machine learning
earned its role in medicine as it gave physicians a
way to optimize clinical care of patients with
chronic diseases and allowed them to make
informed decisions in diagnosing and treating
those patients [8]. Figure 1 shows the amount of
research articles that included machine learning in
some way or another into the medical field. The
trend shows an exponential growth for those
scientific articles especially in the fields of
diagnostics and drug discovery. Artificial
intelligence is expected to save the United States
over 150 billion US dollars in healthcare spending

by the year 2026 [9].
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Figure (1): Number of articles, reviews, and editorials [7].

The way artificial intelligence learns to interpret
data is by using multiple layers of nonlinear
processing units. This way it can make predictions
or classify records. In this way, artificial
intelligence can analyze electronic medical records

that have information that physicians normally

skip or do not give attention to and that algorithm
makes connections with those patterns from
millions of similar cases. Most hospitals possess a
vast amount of valuable data that can be used to

diagnose, treat, and discover new drugs and the
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only way to harvest that power is by using

artificial intelligence.

K-Nearest Neighbors (KNN)

Is a non-parametric machine learning method
developed originally by Evelyn Fix and Joseph
Hodges in 1951. In spite of its ease of use, KNN
continues to perform effectively with large training
datasets. It operates based on the fundamental
assumption underlying all available predictions,
which is the fact that observations with similar
attributes usually have similar outcomes. KNN
predicts a value for each new observation based on
its K which
neighbors that are calculated in the training set. If

the mean of is the number of
we take a hypothetical example thinking about the
fact that there is an infinite amount of data, thus
any observation will have thousands of neighbors
that are very close to each other in terms of
attributes or characteristics so the outcome will
provide the best possible prediction that can be
provided [10].
K-Nearest Neighbors is an uncomplicated,
genuine data mining method that is sometimes
referred to as memory-based classifier because the
training data need to be stored in the memory
when the classification is being done [11]. When

training KNN with continuous data a mathematical

formula is needed to calculate the distance
between its neighbors there are 8 major distance
families and those eight have a total of 54 ways to

calculate distance.

Dataset
A large number of relevant inputs must be
considered during the diagnosis, in order to
diagnose a patient with heart disease with high
accuracy. Physicians usually depend on all
recorded symptoms, patient medical history,
medical examination and laboratory results, as
well as the physician's own experience .
The Cleveland database from UCI

Learning Repository

Machine
includes sufficient and
carefully chosen attributes for heart disease
diagnosis, thus, Data were collected from 201
patients in Alkarama Teaching Hospital was based
on those medical attributes with the cardiologist
diagnosis of them as either being normal, having
coronary heart disease, having arrhythmias, or
having congestive heart failure. However, the
researchers had to make some modifications to the
attributes with the help of a cardiologist, due to the
difficulty of obtaining them. The new dataset with
the modified attributes is laid out in Table (1)

below.

Table (1): The 14 attributes and their data type

Sex
Smoking
Previous family history of HD
Previous attack of angina
Fasting blood sugar if > 120 mg/dl

Serum cholesterol in mg/dl.

0 N o o1 B ow DN

Systolic blood pressure

Yes (positive) “0”

Female “0” Male “1”
Yes ‘60” No 641”
Yes ‘GO” NO 441”

No (negative) “1”
NO (3 1 2

Abnormal “1”

Yes 660”
Normal “0”

Continuous Data

349 (346-359)



U.K.J Vol. 11, Issue 1, Jun. 2026

Hatem, Abbas — Using K-nearest .....
9 Diastolic blood pressure
10 HR: heart rate achieved.
11 Chest pain
12 Electrocardiographic results
13 The angina is exercise induce
14 Echo finding for hypokinesia

Some of the gathered descriptive attributes were
changed into their respective binary forms such as
the sex, smoking, family history of heart disease
etc... By this way "Yes" was coded as 0 and "No"
was coded as 1. For the case of the chest pain
attribute, it needed more than two values as it had
four descriptive values which are: Typical angina,
Atypical angina, Non-angina pain, Asymptomatic
so It was changed to numbers ranging from zero to
three. Meanwhile, some of the attributes were
continuous, a binary formula will not work on such

attributes such as age, blood pressure and heart

Continuous Data

Continuous Data

Typical ) Non- ]
] Atypical ] Asymptomatic
angina ] angina
anglna “1” ) “3”
“O” paln “2”
ST-T wave probable or definite
Normal ) )
o abnormality left ventricular
"1 hypertrophy "2"
YeS“O” N0“1”
Yes G‘O’) NO 6‘1)7

rate. A problem arises when these continuous
values are retained without altering them which is
the bias of large numbers in the data such as the
age and the heart rate which reaches a maximum
value of 145 compared to more important
attributes such as chest pain which only maxes at
3. For this reason, those attributes were normalized
with Z-Score normalization [12]. The Z-Score
normalization process was made using SPSS, and
the results (Descriptive statistics) are shown in
Table (2).

Table (2): The Distributive’s statistics

Age 201

systolic blood pressure 201
diastolic blood pressure 201
heart rate achieved 201

As seen in the Table (2), age for example has a
minimum value of 31 and a maximum value of 95
with a mean of 58.95 and a standard deviation of
14.957. Keeping the data without normalization
will grant a bigger weight to age than it should,
compared to an attribute like smoking which is a

binary variable. After data normalization, the age

31 95 58.95 14.957
40 200 120.95 23.272
30 100 73.11 13.496
32 145 88.53 16.896

had a max of 2.41020 and a min of -1.86868.
Systolic blood pressure had a max of 3.39694 and
a min of -3.47817, diastolic blood pressure had a
max of 1.99217 and a min of -3.19470, and heart
rate had a max of 3.34198 and a min of -3.34581

as shown in Table (3).
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Table (3): z-score attributes

Age
systolic blood pressure
diastolic blood pressure

heart rate achieved

Despite the presence of many research papers
related to the prediction of heart disease through
the use of artificial intelligence, the significance of
heart disease and the extent of its impact on the
lives of people lead to the fact that the researchers

must continue to work on building the best

Data

Tramning Data

Select K value

KNN Classification

New Dataset

-1.86868 2.41020
-3.47817 3.39694
-3.19470 1.99217
-3.34581 3.34198

program to predict heart disease from an early age
to avoid its development, in this part of the project,
we use the K-nearest neighbor algorithm for the
prediction of heart disease. The testing and
prediction operation is laid out in the following

flowchart as shown in Figure (2).

Normalization Dataset
Z-Score

No

Testing Data

Figure (2): the KNN testing and prediction operation

The use of K-Nearest Neighbor for heart
disease diagnosis

The collected dataset consists of 201 subjects, each
having 14 parameters and divided into four
categories of diagnosis which are coronary heart
disease, congestive heart failure, arrhythmias and
normal, the data were collected locally and are
therefore representative of the local population, the
approach for the diagnosis is the use of the K-

nearest neighbor algorithm for classification.

The data were divided multiple times; each time,
they were split into two groups which are training
and testing. The first test used a training group
which had 75% of the full dataset and the second
group had the remaining 25%, a special code was
used to randomly distribute the patients in the
dataset depending on the required percentages for
example put randomly 75% of the data into group
A and put the rest in group B. Filling the groups in
this way will eliminate some of the bias which

arise from the researcher choosing patients that
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make more sense to the algorithm and removing
patients with asymptomatic symptoms. Then the
process starts with modeling the algorithm. One of
the features of using MATLAB is that it offers the
function “fitcknn” which allows us to use the K
nearest neighbor algorithm and control its
parameters easily. The algorithm was trained by
dividing the training data which has 15 parameters
into two sections the first being the parameters
which are the first 14 columns and the second

being the target which is the number of the class or

the disease which would be the 15th column. After
that we set the algorithm’s parameters which are
the number of neighbors and the distance
measurement type. There is no standard formula
for selecting the optimal number of neighbors or K
thus, the experimental method was used by the
researchers. In this test a K value from one to ten
was tested on the same data groups and the
accuracy was measured each time as laid out in

Table (4).

Table (4): the test with 75% training data and 25% testing data

151 50

As seen from the results the algorithm’s accuracy
decreased every time the K value increased like
when K was one the algorithm’s accuracy was the
highest at 86% and at K equals nine which means
taking nine of closest neighbors to the test value

the algorithm’s accuracy became 28% a sharp

k=1 86
k=2 78
k=3 66
k=4 56
k=5 48
k=6 44
k=7 36
k=8 30
k=9 28
k=10 28

decrease due to the number of neighbors.

The second test had an equal split putting 50% of
the data into training and the other 50% into
testing the algorithm and in the same time testing
the value of K which ranged from one to ten as
shown in Table (5).

Table (5): the test with 50% training data and 50%b testing data

100 101

k=1 83.1683
k=2 71.2871
k=3 60.3960
k=4 49.5050
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In this experiment a decrease in the algorithm’s
accuracy was seen and it will become a common
pattern in the upcoming experiments as well.
When we had 100 training samples the accuracy
was 83.1% compared to when we had 151 training
samples the accuracy was 86%. Every time the
training data is reduced the algorithm’s accuracy

suffers. And The K values results was similar to

Vol. 11, Issue 1, Jun. 2026
k=5 38.6139
k=6 34.6535
k=7 29.7030
k=8 25.7426
k=9 22.7723
k=10 19.8020

the first experiment. Every time the number of
neighbors increased the algorithm’s accuracy
decreased .

The third test put the highest percentage into the
testing group which had 75% of the data and the
training group had the remaining 25% As shown in
Table (6).

Table (6): the test with 25% training data and 75% testing data

50 151

The results were similar to those of the previous
tests the accuracy suffers with the decrease in the
amount of training data and it suffers with the
increase of the number of neighbors for example

the highest accuracy recorded was 78.1% when K

k=1 78.1457
k=2 60.9272
k=3 49.0066
k=4 37.0861
k=5 33.1126
k=6 28.4768
k=7 24.5033
k=8 18.5430
k=9 17.2185
k=10 13.9073

was equal to one a 7.9% decrease in accuracy
compared to the first test .

The fourth and final test gave much higher
weight into testing which was 80% of the whole
dataset and gave only 20% to training as shown in
Table (7).

353 (346-359)



Hatem, Abbas — Using K-nearest .....

u.

K.J

Vol. 11, Issue 1, Jun. 2026

Table (7): the test with 20% training data and 80%b testing data

40 161

This test showed the worst-case scenario where the
highest weight was given to testing not training the
accuracy had a sharp decrease to 8% when the
number of neighbors was 10 which is the lowest
recorded accuracy in all four tests.

The algorithm’s accuracy was calculated for each
test following this method which is: After the
training is completed, the researchers built a new
matrix based on the number of classes they had
which means a 5x5 matrix then the MATLAB’s
Predict function is used to check whether the
algorithm correctly predicted the classes or not and
it’s done by putting the model that have been
trained and comparing it with column number 15
which is the class or disease type then the results
are saved in the new 5x5 matrix. For example

equation (1).

algorithm’s accuracy = < o

The prediction algorithm

Now that the training is complete and the best
value of K was chosen the final phase of the
algorithm can begin which is building the

diagnosis algorithm. With the use of Excel’s

sum(diag(R))

)*100

k=1 73.9130
k=2 50.3106
k=3 40.9938
k=4 31.0559
k=5 29.1925
k=6 24.8447
k=7 21.7391
k=8 14.9068
k=9 10.5590
k=10 8.0745
26 0 0 0 0

0 14 3 1 0

R=|1 0 1 0 0|Ans = 86 1)

l1 0o 1 2 o

lo o o o o

The following matrix which is the results of the
first experiment the rows here represent the
classes, and the columns represent what the
algorithm has predicted. It predicted that there are
26 subjects belong to class number 1 without any
wrong predictions and it predicted 14 subjects
belong to class number 2 and had a mismatch of 4
subjects putting them in class 2 wrongfully and so
on. Calculating the Main diagonal and divide it by
the number of patients. This results in the

algorithm’s accuracy as shown in equation (2).

(2)

Kutools add-in the full dataset was stripped from
the last column which is the diagnosis column and
then the data was split into 201 spreadsheets each
sheet contains one row of data each row has the

attributes of one patient and then each spreadsheet
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was saved as a (.xlIsx) file. The reason behind this the press of one button it can do all the above
is that the data can be fed into the testing algorithm automatically but this work is out of the scope of
one patient at a time and at the same time that data this research as it requires backend and front-end
is stripped from the diagnosis column so it’s programming experience.
considered foreign to the algorithm. All this can be Here an individual with the following attribute was
swapped with an easy-to-use user interface that fed into the algorithm as shown in Figure (3).
allows physicians to enter the data easily and by

A B C D E F G H ) K L M N

Untitled

umber * Number *Number *Number *Number * Number * Number

VarName! VarName2 VarName3 VarName4 VarName5 VarName6 VarName7 VarName8 VarName9 VarName10 VarNamel1 VarNamei2 VarName13 VarNamel4

*Number

*Number *Number *Number

~humber

* Number M

*Number

0.5382 1 0 1 1 1

0.5102

(.2644 0 1 0

Figure (3): patient data that is stripped from the diagnosis column

The algorithm output was: as shown in Figure (4).

Figure (4): patient diagnosis with coronary heart disease

By comparing the algorithm’s diagnosis with the

physician's diagnosis of the same patient as shown

in Figure (5).

| e

Sex

Smoking

FHHD

PERANG

FBS

CHOL

18PH

IBPL

ZHR

Chesthen CG

Exang

HYP

Heartdiseasediagnose

0.53819

0

1

1

0

0.3808

0.51021

0.26441

!

Figure (5): physician's diagnosis of the same patient

The patient has coronary heart disease which
means that the algorithm’s prediction was correct.

In this test the patient with the following attributes

was imported to the algorithm as shown in Figure

(6).

VarNamel VarName2 VarName3 VarNamed VarName5 VarName6 VarName7 VarName$ VarName9 VarNamel0 VarNamel! VarName12 VarNamel3 VarNameld

Number

*Number

*Number

*Number

* Number

*Number

* Number

*Number

* Number

*Number

*humber

*Number

*humber

*Number

i

Figure (6): patient data that is stripped from the diagnosis column
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The algorithm prediction was as shown in Figure (7).

& HeartDiseasePredaction a

Figure (7): patient diagnosis with normal

Looking at the physician's diagnosis of the same patient below as shown in Figure (8).

Ihge | Sex | Smoking| FHHD [PERANG| FBS | CHOL | Z8PH | Z8PL | ZHR  (ChestPain| ECG | Exang | HYP  Heartdiseasediagnose
073876 | 0 1 1 0 l 0 |-0.90001 097175 | -06883 | 0 0 0 l 1

Figure (8): physician's diagnosis of the same patient

The algorithm has successfully predicted that the attributes was entered to the prediction algorithm
patient is normal . as shown in Figure (9).

Another example is a patient with the following

VarName! VarName2 VarName3 VarNamed VarName5 VarName6 VarName7 VarName8 VarName9 VarName10 VarNamel1l VarName12 VarNamel3 VarName14

Number ~ vMumber ~ wMumber ~ ~vMNumber  ~vNumber  ~Number  ~vMumber  ~Number  ~Number  ~vMNumber  ~Number  vNumber  ~vNumber  ~hNumber  ~

Figure (9): patient data that is stripped from the diagnosis column

The algorithm diagnosed this patient with arrhythmias as shown in Figure (10).

& HeartDiseasePrediction a

Figure (10): patient diagnosis with arrhythmias
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Matching the results of the algorithm with the algorithm had successfully diagnosed this patient

physician diagnosis below, showed that the as shown in Figure (11).

Ill\ge Sex |Smoking| FHHD |PERANG| FBS | CHOL | Z8PH | Z8PL | ZHR |ChestPain ECG | Exang | HYP |Heartdiseasediagnose

w1 oo 0 ) 1 038908 | 09775 06416 | 2 O 4

Figure (11): physician's diagnosis of the same patient

One more example is a patient with the attributes below as shown in Figure (12).

VarName! VarName2 VarName3 VarNamed VarName5 VarName6 VarName7 VarName8 VarName9 VarNamel0 VarNamell VarName12 VarNamel3 VarNameld

Number ~ vhumber  <Number  wNumber  ~Number  wMNumber  vNumber — ~MNumber  wMumber  <Mumber  ~Mumber  ~vNumber  <Number  vMNumber

Figure (12): patient data that is stripped from the diagnosis column

The algorithm diagnosed the patient with heart failure as shown in Figure (13).

congestive

Figure (13): patient diagnosis with congestive heart failure

Pairing the algorithm’s diagnosis of the patient the algorithm had predicted the disease

with the physician's diagnosis below showed that successfully as shown in Figure (14).

| e | ser [snog) oD [P P | choL | b | me | DR [chei] EG | b | VP |Hentdsmedupon
asms) L]0 oo [l oo e | 2 | 1 0 | a

Figure (14): physician's diagnosis of the same patient

One last example is a patient with the following Figure (15).

attributes was fed into the algorithm as shown in

VarName! VarName2 VarName3 VarNamed VarName5 VarNameb VarName7 VarName§ VarName9 VarName10 VarNamel1 VarName12 VarNamel3 VarNamel4

Number — vMumber — wNumber — +MNumber  +Mumber  Mumber  Number  *Number  ~Number  ~vMumber  vNumber  vNumber  vNumber  ~Mumber -

-18687 1 0 1 | 0 0 04703 05102 -068%5 0 0 1 1

Figure (15): patient data that is stripped from the diagnosis column
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And it resulted in: as shown in Figure (16).

Figure (16): patient diagnosis with coronary heart disease

The algorithm predicted that the patient has
coronary heart disease comparing it with the

Lhge

physician’s diagnosis below as shown in Figure
17).

-1.86868

Figure (17): physician's diagnosis of the same patient

The

congestive heart failure This indicates that the

physician diagnosed this patient with
algorithm's prediction was incorrect and that is due
to the fact that the algorithm’s accuracy achieved
in the training process was 86% and that means
there is an error rate of 14% and figure number

(17) shows that.

Conclusion

1- The diagnostic system proposed in this study
is intended to assist physicians to diagnose
heart conditions by converting medical factors
of the patients into numerical representations,
The simulation results showed that the
proposed K nearest neighbor classifier has
86% accuracy in classifying 4 medical heart
conditions when using controlled databases.

2- Most of the studies that explored this subject
along with this work concluded that using the

algorithm  (with 14

K-nearest neighbor

parameters) is one of the best options when it
comes to heart disease classification and this
work proved that by achieving 86% accuracy
while classifying diseases into four categories.

3- The most common heart conditions that are
found in Iraq are the ones classified in this
algorithm, which are Coronary heart disease,
Congestive Heart failure, and Arrhythmias and
that is based on the data that has been
collected locally from hospitals.

4- There is a direct relationship between the
amount of training data and the algorithm’s
accuracy and an inverse relationship between
the number of neighbors K and the algorithm’s

accuracy.

Recommendations
1- Obtaining a larger dataset with additional
parameters so that the classification of heart

conditions can be improved to a higher
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accuracy or increasing the number of subjects
in the dataset in the training phase.

2- In terms of classification accuracy, use other
machine learning techniques and compare
which technique is better.

3- Using different K-nearest neighbor algorithm
parameters in hope to achieve a higher
accuracy.

4- Programming an easy-to-use user interface
that does most of the back-end work to make
the entering and prediction of data seamless to
physicians.
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