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a  b  s  t  r  a  c  t

Diabetes  is a metabolic  disorder  comprising  of high  glucose  level  in  blood  over  a  prolonged  period  in  the
body as  it  is not  capable  of  using  it properly.  The severe  complications  associated  with  diabetes  include
diabetic  ketoacidosis,  nonketotic  hypersmolar  coma,  cardiovascular  disease,  stroke,  chronic  renal  failure,
retinal  damage  and  foot  ulcers.  There  is a huge  increase  in  the  number  of  patients  with  diabetes  globally
and  it is  considered  a major  health  problem  worldwide.  Early  diagnosis  of  diabetes  is  helpful  for  treat-
ment  and  reduces  the  chance  of  severe  complications  associated  with  it. Machine  learning  algorithms
(such  as ANN,  SVM, Naive  Bayes,  PLS-DA  and  deep  learning)  and  data  mining  techniques  are  used  for
detecting  interesting  patterns  for diagnosing  and  treatment  of disease.  Current  computational  methods
for  diabetes  diagnosis  have  some  limitations  and  are  not  tested  on different  datasets  or  peoples  from  dif-
SVM
Bayesian network
Apriori Algorithm
Back propagation algorithm

ferent  countries  which  limits  the  practical  use of prediction  methods.  This  paper  is an  effort  to summarize
the  majority  of  the  literature  concerned  with  machine  learning  and data  mining  techniques  applied  for
the prediction  of  diabetes  and  associated  challenges.  This  report  would  be  helpful  for  better  prediction  of
disease  and  improve  in  understanding  the  pattern  of  diabetes.  Consequently,  the  report  would  be  helpful
for  treatment  and reduce  risk  of  other  complications  of  diabetes.

© 2021  Primary  Care Diabetes  Europe.  Published  by  Elsevier  Ltd.  All rights  reserved.
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1. Introduction

1.1. Diabetes

Diabetes is one of the major health problem of both developed
and developing countries [1]. As stated by the National Diabetes
Statistics Report 2020, 34.2 million people (or 10.5%) of U.S. popula-
tion are suffering from diabetes. There are 26.9 million people who
are diagnosed with diabetes and 7.3 million people are unaware of
this condition (21.4% people who have diabetes are unaware) [2].
In 2019, around 77 million people were diagnosed with diabetes in
India, which was ranked as second country with highest numbers
of diabetic people in the world [3]. Across the world, diabetes is one
of the most common and rapidly growing diseases with no cure. It
is a condition in which there is an increased blood sugar level in the
body for a prolonged period. This happens either due to the inability
of pancreas to secrete enough insulin or due to inability of body to
respond to insulin [4]. Insulin acts as a key to open the cells and help
the glucose to enter in the cells, where glucose is used as a fuel and
gives energy for body action. [5] Diabetes is a chronic disease and
causes long-term and short-term complications where short-term
complications include dehydration and diabetic coma and long-
term complications include heart attack, blindness, kidney failure,
stroke and foot ulcers, etc [6,7]. Generally, diabetes is classified into
three different types which include type 1 diabetes, type 2 diabetes
and gestational diabetes (Fig. 1). Type 1 diabetes is a condition in
which body is incapable of producing insulin for the proper func-
tioning of the body. It is an autoimmune disease in which �-cells of
the body are destroyed which result in the lack of insulin, �-cells
are liable for the storage and release of the insulin. Type2 diabetes
is state in which the body is unable to produce enough insulin or
there is insulin but body is not able to use it, this condition is known
as insulin resistance. It is the most prevalent type of diabetes, which
is detected in 90% of the cases. [8,9].

Diabetes is a complex disease and the main cause of diabetes
remains unknown. There can be various factors which may  cause
diabetes and these factors may  include hereditary, genetic factors,
obesity, increased cholesterol level, excess intake of oil, high car-
bohydrate diet, sugar, nutritional deficiency, no physical exercise,
overeating, worries, tension, high blood pressure, infectious dis-
ease, etc [10]. Diabetes can be detected by the blood or urine tests
and mainly three types of tests which can be performed to detect
diabetes are glycated hemoglobin test (A1C), Oral Glucose Toler-
ance Test (OGTT) and Fasting Plasma Glucose Test (FPG). These
traditional methods of detecting diabetes are time-consuming and
costly which imposes a practical limitation to use them in low-
income countries. There were 77.0 million people diagnosed with
diabetes in 2019 and >50% of the population remained undi-
agnosed, considering this figure diagnosis has huge importance
[3] and early diagnosis can reduce the chances of further severe
complications. Automated computational prediction methods for
diabetes may  be helpful to overcome this situation. Machine learn-
ing methods are implemented on already available data and can
predict diabetes. These methods are less time-consuming and
include nearly no cost for prediction. These methods can assist
patients to diagnose diabetes without doctor’s involvement. These
algorithms reduce the time spent on processing symptoms and
detection of disease.

Early detection of the diabetes is the need of current epidemiol-
ogy of diabetes because it can cause more and severe complication
with time [11].

There is an urgent need to predict diabetes in the population

so that proper precautions and treatment can be started to avoid
its further escalation. In recent past the scientific community has
changed its focus towards early and accurate prediction of dia-
betes using robust computational methods. Artificial intelligence

3

436
Primary Care Diabetes 15 (2021) 435–443

nd soft computing techniques provide an important role in the
mplementation of human ideas. These systems locate a place in
he medical diagnosis and are also involved in human health related
elds of application. The computational intensive methods should
ave high precision and must be validated on multiple datasets

rom different population being global disease (Fig. 2). In the cur-
ent report, different diabetes prediction computational methods
ere discussed and the possible suggestions are provided to make

hem more practical.

.2. Machine learning

Machine learning is a growing branch of computational algo-
ithms that is intended to copy the human intelligence utilizing
nowledge from surrounding environment [12]. It is an area of
omputer science to learn patterns from data to make the sense
f previously unknown inputs [13]. Generally, there are two types
f machine learning first one is deductive learning and second is
nductive learning. The deductive learning predicts new knowledge
rom existing data and knowledge whereas the inductive learning
akes examples and simplifies it instead of beginning with existing
nowledge. It extracts pattern and rules from the huge datasets
nd generates computer program from that data [14]. Machine
earning refers to the study of enhancing the performance of com-
utational methods by obtaining knowledge from experience [15].

t normally works on the same principle as human learning. It has
pplication in several fields like computer vision, speech recogni-
ion, bio-surveillance, robot control, recognition of e-mail spam,
usiness intelligence, fraud, social science, medicine and credit
coring [16–22]. There exist three types of learning depending upon
he input and feedbacks these are unsupervised learning, super-
ised learning, and reinforcement learning. There are vast range of
ethods related to classification and diagnosis of diabetes in the

iterature. Most frequently used methods for diabetes prediction
re:

. Artificial neural network: It is a model that is motivated by the bio-
logical neural network of the human brain and is used to guess
functions that depend on a huge number of unknown inputs [23].
It is the collection of interconnected neurons that interchange
information among each other and connections have weighted
which can be adjusted to get appropriate results [10]. It contains
mainly three layers: first is input layer: in this layer neurons
accept the inputs and their probability from external world for
processing in the model. Second is hidden layer: in this layer neu-
rons accept the input from input layer and forward the output
to the output layer. This is the layer where weights are allotted
to various probabilities of inputs. The neuron with larger weight
is assigned to an input. Third layer is output layer: neurons of
output layer are represented with expected attribute values to
the external word as output.

. Support vector machine (SVM):  It is a supervised learning algo-
rithm which is used for regression analysis and classification.
It gets hold of the number of examples and allocates them to
one or two categories as stated by the condition it belongs. Then
this training algorithm constructs a model that allots the new
examples to one of the categories. The foundations of SVM were
developed by Vapnik and it is widely held due to many attractive
properties [24]. In parallel it reduces the empirical classification
error and increases the geometrical margin, that’s why it is called
as maximum Margin classifiers [25] SVM model is an illustra-
tion as point in space; plotted so that the illustrations of the

disconnected group are divided by a clear gap that is as wide as
possible.

. Bayesian network: In Bayesian network set of random vari-
ables and their conditional dependencies are symbolized using
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Fig. 1. Classification of diabetes into type 1 diabetes, type 2 diabetes and gestational diabetes.
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Fig. 2. Current trend of application of diabetes algorithm on different dat

directed acyclic graph (DAG). This is a supervised learning tech-
nique [26]. It is a graphical model that conceals relationship
between variables. When this method is used in combination
with statistical techniques, then this model has several data anal-
ysis advantages. First, the model conceals dependencies between

all the variables so it quickly handles the conditions such as miss-
ing data entries. Second is that this model can be used to learn the
casual relationships so it can be used to get the reorganization
of the problem area and expect the consequence of interference.

437
s. desired trend of using fusion datasets clubbed with fusion algorithms.

. Back propagation algorithm:  Paul Werbos has developed the back
propagation algorithm in 1974 and rediscovered by Rumelhart
and Parker [23]. It is a technique of training the artificial neural
network to execute a given task. It is used in layered feed-
forward artificial neural networks in which the artificial neurons

are arranged in layers and send forward signals and subsequently
propagate the errors backward. It is a supervised learning algo-
rithm that takes examples of input and outputs and then error
is calculated. The idea of this algorithm is to decrease error
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till the artificial neural network becomes skilled at the data
training.

5. Apriori algorithm:  It is used to find out the relationship among the
different set of data. Each set constitutes a number of items called
transaction. This algorithm output is the set of rules that inform
us how often the data sets are combined into one set. The Apriori
algorithm is used for association rule learning. Association rule
has two parts first is antecedent. These are subsets of items found
in the set of data; second is consequent, which is found along
with the antecedent. The association rule is described in two
terms, first is confidence which reveals about the percentage of
datasets with antecedent and second is the support which tells
about the percentage of datasets with antecedent along with the
consequent [27].

6. Deep learning: In current scenario deep learning (DL) is consid-
ered as one of the most essential machine learning techniques,
DL has succeeded to achieve accurate and efficient model in sev-
eral applications which include image and video analysis, speech
recognition and hand writing prediction. DL can be used in both
unsupervised and supervised machine learning problem.

2. Machine leaning based diabetes prediction methods

Several works have been done in diabetes detection using
machine learning according to importance of diabetes. Significant
efforts in diabetes prediction were highlighted here. Initially the
machine learning method that was neural network based algorithm
named ADAP was used with the objective to forecast the diabetes in
population in 1988. Dataset used in the development of prediction
model was Pima Indian population near Phoenix, Arizona [28]. Later
on various other predictive models were developed for the diabetes
prediction using neural networks [29]. In 2010 Yu et al. [30] pro-
posed a system for the classification of diabetes patients by means
of SVM. The training dataset for classification was taken from the
year 1999 by the National Health and Nutrition Examination Sur-
vey (NHANES). The classification schemes used were of two  types.
These are the scheme I classification for predicting undiagnosed or
diagnosed diabetes vs. no diabetes or pre-diabetes and another is
scheme II used for prediabetes or undiagnosed diabetes vs. no dia-
betes. These SVM models were used to choose a set of variables that
would provide the accurate classification of individuals into defined
diabetes class. In the scheme I, variables such as family history,
race, age, height, weight, hypertension and Basal metabolic index
(BMR) were included and for scheme II two extra variables such as
physical activity and sex were involved. Researchers have devel-
oped a web-based tool-Diabetes classifier that allows user defined
threshold and to display a user-friendly application. The J2EE tech-
nology and additional open source java frameworks like hibernate
and struts were used to build this application. SVM, was utilized
for model generation, is a supervised machine learning technique
which is mostly utilized for pattern recognition and problems clas-
sification. The 10-fold cross-validation technique was utilized for
model validation.

Kalpana and Kumar [31] proposed fuzzy expert system frame-
works for diabetes which has built large scale knowledge based
system. For their experiment data was collected from Pima Indi-
ans Diabetes Database (PIDD) of National Institute of Diabetes and
Digestive and Kidney Disease (NIDDK). The knowledge was  built
by means of fuzzification to change crisp values into fuzzy val-
ues. In proposed system fuzzy concept was used to transfer the
information present in the dataset into the required knowledge.

Fuzzy members were created according to the general concepts
and were constructed using fuzzy relationships. The first step in
methodology was to take the data from Internet and make the
database from it. After that crisp input, membership values and
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egrees were attained by using fuzzification. These attained fuzzy
alues are sorted out using fuzzy verdict mechanism. The output
as achieved using rule-based system and was  send to defuzzifi-

ation unit where we obtain final result. This method can perform
ata analysis and promote the acquired data transfer into knowl-
dge. This method was  concluded as more effective for diabetes
rediction than other previously developed methods.

Rajesh and Sangeetha [32] proposed a system in which data
ining was  used for classification of diabetes data to determine
hether the patient is diabetic or not. The dataset used for training

he system was PIDD. In experiments, the first phase was fea-
ure selection which involves obtaining of relevant features to be
ttained in the classification process. Relevance feature analysis
as done to rank the features according to significance of the class

abel. Different filtering and classification techniques were applied
o the dataset. The involved ten classification techniques were CS-
T, C-RT, C4.5, LDA, K-NN, Naive Bayes, ID3, SVM, PLS-DA and RND
REE. The results of all these techniques were compared and among
hem RND TREE classification algorithms provide 100% accuracy
ut in this, the rule-set was vast and algorithm suffers from data
ver fitting. The C4.5 classification technique used is a decision tree
nduction learning technique which provides ∼91% accuracy. It has
een applied to health care data and extension software of ID3 algo-
ithm developed by Quinlan. The conclusion of the study was  that
4.5 was  best algorithm for classification with higher accuracy out
f the ten algorithms which were used.

Anuja and Chitra [1] had proposed a system using support vec-
or machine for diabetes classification. The training dataset used
as PIDD. SVM concurrently reduces the experimental classifica-

ion error and maximizes the geometric margin; as a result, it is
nown as maximum margin classifiers. It is a universal algorithm
ased on definite risk bounds of statistical learning theory so it is
alled structural risk minimization principle. In experiment Radial
asis Function (RBF) kernel of SVM was  used and it examines the
igher-dimensional data. The kernel output was  dependent on the
uclidean distance and the patients were classified into two classes;
lass 0 for the negative test and 1 for the positive test. The accuracy
f 78% was  achieved during the experiment.

Omar and Eman [5] had proposed a hybrid algorithm for classi-
cation of type 2 diabetes. Least Squares-Support Vector Machine
LS-SVM) and Modified-Particle Swarm Optimization (MPSO) algo-
ithms were used for classification. LS-SVM was run to find the
ptimal hyper-plan to separate the patients into two classes live
nd die. So it is sensitive towards its parameter value changes.
odified-PSO algorithm was used as parameter optimization for

S-SVM to select the suitable attributes which were used in the
tudy. In this research data from PIDD was  used and the proposed
lgorithm consisted of two  phases; first parameter optimization
nd second classification. The classification phase comprises of two
hases that are the training phase and testing phase with optimized
arameters and RBF kernel. The training phase was implemented
ith 10-fold cross-validation method. In this experiment the accu-

acy of 97.833% was obtained and these algorithms were compared
o other algorithms applied on the same dataset.

Sridar and Shanthi [34] had proposed a medical diagnosis sys-
em for diabetes prediction using back propagation and Apriori
lgorithm. The central objective of the study was  to know the
atient’s risk towards diabetes without the help of doctors. In the
tudy, clinical data was  collected on the bases of attributes down-
oaded from PIDD. The system had given real-time inputs using
lucometer and some of the attributes were entered manually. For
iagnosing diabetes, all the inputs were given to Apriori algorithm

nd back propagation algorithm. The patients were classified into
hree classes: low risk, medium risk, and high risk patients. The
ystem was implemented using Java and DotNet programming lan-
uages. In this study the accuracy of 83.5%, 71.2%, and 91.2% was
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received from back propagation algorithm, Apriori algorithm and
with combining these both algorithms, respectively [34].

Olaniyi and Adnan [35] proposed a system for the prediction
of diabetes using Artificial Neural Network and dataset was  used
for training is PIDD. The multilayer feed–forward network was cre-
ated and it was trained using the back propagation network for
classification of patients. Patients who were suffering from dia-
betes were given value 0 that means negative and those who were
not suffering from diabetes was positive and given value 1. The
use of the neural network for training gives the recognition of
82% on the test, which was a good result as equated to the other
algorithms such as ADAP algorithm which gave 76%, BSS (nearest
neighbor with the backward sequential selection of feature) which
gave an accuracy of 67.1%. EM algorithm gave a recognition rate
of less than 70%. The recognition rate achieved by these methods
was higher than the previous researches which had used different
algorithms.

Sanakal and Jayakumari [36] proposed a system using data
mining approach which was support vector machine and Fuzzy C-
Means (FCM) clustering for prediction of diabetes. Training dataset
was obtained from the UCI repository which comprises nine input
attributes and 768 cases. Fuzzy C-Means clustering depends on the
mainline of K-Means. The variation between K-Means and FCM is
that in K-Means every data point either fits to a certain cluster or
not, while in FCM every data point belongs to a cluster to a certain
degree of membership grade. Therefore FCM applies fuzzy parti-
tioning in such a way that the data point can fit in various groups
using the degree of belongingness indicated by means of mem-
bership grades between 0 and 1. The best outcome obtained by
it is a positive predictive value of 88.57% and accuracy of 94.3%.
SVM achieved an accuracy of 59.5% and matlab was  used for the
implementation work.

Dewangan and Agrawal [37] had proposed a system for the
diagnosis of diabetes using Bayesian classification and multilayer
perceptron. Data was classified into diabetic and non-diabetic. The
work was distributed into three stages: in the first stage, individ-
ual models were used for classification. The second stage consisted
of ensemble models from which higher accuracy was  achieved as
compared to individual models. In third stage feature selection
techniques were put in on best ensemble model to attain higher
accuracy. PIDD was used for training the system which was col-
lected from UCI repository. Analysis of model was  performed in two
steps: at the first model was trained and then tested. In experiment
accuracy of 81.89% was achieved and there searchers concluded
that this model obtained higher accuracy with fewer numbers of
features. The experiment was performed using open source data
mining tool WEKA and Java code.

Giri and Todmal [38] proposed a system for prediction of dia-
betes using the novel approach which consists of two  stages. In
the first stage, Gaussian function was used for distribution of data
and in the second stage two techniques were used which were
fuzzy logic and neural networks. The Pima Indians Dataset from
the University of California was used for the experiment. Gaussian
kernel distributes the data very accurately and takes less compu-
tation time. First, the standard deviation was calculated which was
used by a Gaussian function and used for the classification of data.
Fuzzy is rule-based system and the rule is the main function in
fuzzy interference system. Improved results were obtained using
fuzzy sets and artificial neural network (ANN) was identified to be
the most suitable for pattern recognition technique. In this system
already distributed, data was feed to the input layer of ANN and con-
sists of ‘n’ neurons. The hidden layer performs an operation based

on input layer and it consists of n + 1 neurons. The output layer rep-
resents output as either 0 or 1. These values indicate whether the
patient is diabetic or not. The conclusion of the experiment was that
the accuracy of combined methods was improved than the individ-

s
a
t
v

439
Primary Care Diabetes 15 (2021) 435–443

al methods. The machine learning methods can also be used for
etecting various other diseases for e.g. retinopathy.

Priya and Aruna [39] had proposed an automatic method for
etection of diabetic retinopathy from images by using three meth-
ds: Bayesian Classification, Probabilistic Neural Network (PNN)
nd Support Vector Machine (SVM). One of the common difficulties
aced by diabetes patients is the diabetic retinopathy which affects
he retina blood vessels causing vision loss and also the risk of
iabetic retinopathy increases with age. The images for experimen-
ation were collected from Aravind Eye Hospital and Postgraduate
nstitute of Opthalmology, Cuddalore Road Thavalakuppam Junc-
ion, Pondicherry. Three classes of data were considered; first
on-proliferative diabetic retinopathy (NPDR), second proliferative
iabetic retinopathy (PDR) and third normal images. NPDR is the
rimary stage in diabetic retinopathy in which the retina and tiny
lood vessels drip blood. The work started with 250 images at first,
riginal images were changed into gray scale images. After, this the
ontrast of images were improved by applying histogram equaliza-
ion. Then, discrete wavelet transformation was  applied and images
ere reduced by half. To reduce noise in images Matched filter

esponse (MRF) is used. To segment blood vessels from the image,
-Means clustering was applied. After image preprocessing was
ompleted, feature selection was  performed to extract features like
adius, diameter, arc length, area, etc. Then PNN, Bayes theory, and
VM modeling techniques were applied and performances of these
echniques were compared. Finally, the images were divided into
hree classes. In experiment accuracy of 89.6% from PNN, 94.4%
rom Bayes classifier and from SVM it is 97.7% achieved.

In 2017, Maniruzzaman et al. [43] proposed Gaussian process
GPC) based model for diabetic classification and investigated the
erformance of a GP-based classification technique using three ker-
els which are radial basis, linear, polynomial kernel in contrast
o present techniques such as Naive Bayes (NB) linear discrimi-
ant analysis (LDA) and quadratic discriminant analysis (QDA) [43].
ataset used was from PIDD. The performance parameters such as
ccuracy (ACC), sensitivity (SE), specificity (SP), positive predictive
alue (PPV), negative predictive value (NPV) and receiver-operating
haracteristic (ROC) curves were determined and validated using
ve sets of cross-validation protocols. This proposed GP-based
odel had resulted with accuracy of 81.97%.
In the same year, Mercaldo et al. [44] proposed a model to dis-

inguish among patients affected with diabetes or not. In this study
ix machine learning classification algorithms J48, multilayer per-
eptron, Hoeffding Tree, JRip, Bayes Net and random forest were
sed and the classification analysis was done using the WEKA tool.
he dataset used to conduct this study was also PIDD. In this study
oeffding Tree algorithm had shown good result [44].

In 2018, Zou et al. [45] proposed study to predict diabetes melli-
us using J48 decision tree (DT), neural network and random forest
RF) as the classifiers [45]. The dataset for this study was physi-
al examination data obtained from PIDD and hospital in Luzhou,
hina. Decision tree and RF was executed in WEKA whereas neural
etwork can be executed in MATLAB. The minimum redundancy
aximum relevance and Principal Component Analysis (PCA) was

one to ease the dimensionality. The study is divided based on var-
ous attributes Matthews correlation coefficient (MCC), specificity
SP), sensitivity (SN) and accuracy (ACC) were measured for all clas-
ifiers. Random forest obtained maximum accuracy of ACC = 0.8084
hen all the attributes were used and validated using five-fold

ross-validation protocol.
In 2018, Swapna and Vinaya Kumar [46] used deep learning

ethod for detecting diabetes. In their study they employed long

hort-term memory (LSTM), convolutional neural network (CNN)
nd their combination for obtaining dynamic features and further
hese were pipelined to SVM for classification [46]. The heart rate
ariability (HRV) dataset was  employed for diagnosis of the dia-
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betes using deep learning method. They stated that their system
can help in detecting diabetes through ECG signals where more
accuracy rate is attained for CNN 5-LSTM with SVM network which
is 95.7%.

In 2020, Daghistani and Alshammari [47] performed compar-
ison studies on random forest machine learning algorithm and
Logistic Regression algorithm towards the prediction of diabetes
[47]. Dataset used for the study was from the Ministry of National
Guard Health Affairs (MNGHA) hospital’s database from three
regions of Saudi Arabia. The true positive rate, false positive rate,
precision, recall, area under the curve and F-measure were mea-
sured. The 10-fold cross-validation method was used to validate the
predictive model. The accuracy of the RF algorithm was 88% which
showed superior prediction performance than Logistic Regression
technique whose accuracy was found to be 70.3%[47].

In the same year Bansal and Singla [48] proposed a hybrid model
for diabetes prediction which uses ensembling of non-linear SVM
models with partial least square (ENLWPL) [48]. It is in addition
related with the important classifiers like linear SVM, neural net-
work, decision tree along with methods like the Bagging with
Generalized linear model (GLM) and Generalize linear additive
model boost (GAM Boost). The GLM and GAM boost are the ensem-
bling methods. In non-linear SVM all kernels including polynomial,
radial basis, linear kernel, spline were studied and kernels of non-
linear SVM, radial basis and spline are ensemble with maximum
voting. Recursive Feature Elimination (RFE) algorithm is used for
this study and dataset taken for this study was PIDD. The accuracy
attained by this hybrid model ENLWPL is 84.51%.

3. Discussion

Diabetes is one of the major health problems (with no cure)
across the world which leads to various other severe complica-
tions. According to world health organization, in 2014 there were
422 million people diagnosed with diabetes and half of the pop-
ulation was undiagnosed. Early detection is the major positive
factor for the treatment of diabetes and reducing other related
complications. Thereby, considering the importance of diabetes, a
number of computational methods have been developed for pre-
diction of diabetes and are also associated with complications [39].
These diabetes prediction methods are based on data mining and
machine learning methods. There are several databases of diabetes
available; they have different datasets and sizes. These datasets
are of different locations, PIDD [28] dataset is the most popu-
larly used dataset for machine learning based diabetes prediction.
The National Institute of Diabetes and Digestive and Kidney Dis-
ease (NIDDK) have studied the datasets comprising of population
near Phoenix, Arizona, USA since 1965. This dataset constitute all
the female patients of at least 21 years old of Pima Indian Her-
itage. The other popular diabetes datasets which were used in
various studies are: dataset taken from 1999 to 2014 National
Health and Nutrition Examination Survey (NHANES) [30] and data
taken from Arvind Eye Hospital and Postgraduate Institute of Oph-
thalmology, Cuddalore Road Thavalakuppam Junction, Pondicherry
[39]. The computational method has a potential to predict dia-
betes in the early stage. In the past various methods have been
developed using machine learning algorithms which can help to
rapidly and efficiently diagnose the disease. In the past researchers
had used algorithms like ANN [35], PNN [39], SVM, Bayesian
method [37], multilayer perceptron [37], back propagation algo-
rithm [34], modified-particle swarm optimization [5], LS-SVM [5],

Apriori algorithm [34], fuzzy-c mean clustering [36], etc. for devel-
opment of methods for diabetes prediction, and had got fairly
good accuracy in experiment (Table 1). The researchers have
also used fuzzy sets to decrease the computational time to pro-
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ess the datasets and increase the efficiency of prediction models
31,36,38].

Application of new and rare machine learning methods is impor-
ant but without the knowledge of the current issues and bottle
eck in diabetes prediction the construtive progress cannot be
ade. As in recent study implementation of leftover and rare
achine learning methods were not able to achieve better accuracy

han previous studies [57].
The broad view in the trend for diabetes prediction revealed that

he diabetes prediction was initially based on the simpler neural
etwork based ML  methods which progressively evolved and more
dvanced machine learning algorithms such as deep learning (CNN)
ave been implemented to improve the accuracy as well robustness
f the prediction [46].

It is also observed that initially one ML  algorithm was used at
 time for the prediction but gradually the hybrid and combined
odels based on more than one ML  algorithms were developed to

chieve better accuracy (Table 1). As most of the studies have used
IDD therefore to minimize the role of datasets in trend of the dia-
etes prediction research a data independent ML algorithm is the
urrent need of the hour. The graph was  plotted between the algo-
ithm/method and accuracy values from the studies which were
ased on PIDD and the studies which provided accuracy values of
heir models in test set (Fig. 3). It is clear from graph (in Fig. 1)
hat the most of the hybrid/combined models had high accuracies
hen compared to single ML  methods (Fig. 3). These high accura-

ies (>95%) were achieved by the combination of methods such as
VM + ANN and LS-SVM-MPSO (Table 1).

Despite the successful development and achieving more than
5% accuracy no diabetes prediction model claims to be used in
iabetes prediction for global population. Diabetes is the global
roblem in which the life style, race and environment are the

mportant factors which influence the disease. The major chal-
enge in incorporating different datasets of diabetes in ML  model to
evelop global prediction model is the features present in datasets
re not same in different datasets [49]. The reason for less reliabil-
ty of diabetes prediction methods is that most of these methods

ere only tested and trained on a single dataset. In view of the
lobal nature of diabetes these methods should be trained, vali-
ated and tested on the different population. Different available
ata fusion methods can be used for fusion of different datasets in
rder to build model from different datasets. In all past studies, only
ne method has used two different datasets for training/testing
nd applied data fusion algorithm to merge the datasets to build
rediction model [49]. Ideal machine learning methods should
e tested and trained on different representative population all
round the globe. However, few studies had used different datasets
ut it can be concluded that using more than one datasets in
L models seems to have inverse effect on the accuracy of the
odel. Two  machine learning based study which had used the

ifferent dataset, i.e. Negi and Jaiswal [49], and Mirshahvalad and
anjani [50] had the accuracies around 75% only. Even, in the sec-
nd study the datasets used were similar and no method for data
usion was used/required in the study. So, it was observed that
he using more than one datasets (merging the datasets) in model
uilding/testing results in decrease in the accuracy of the models
Fig. 3).

To build multiple datasets based prediction model different
atasets must be fused/merged through data fusion methods before
he training for model building. Most common algorithms of data
usion that are categorized under three categories are data associa-
ion, state estimation, and decision fusion [40]. These techniques

re divided based on the criteria: the relationship between the
nput sources and these relationships are complementary, redun-
ant, and cooperative. Based on the nature and type of input and
utput common data fusion system was given by Dasarathy [41].
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Table  1
Important machine learning based prediction methods and reported accuracy values.

Sr. No. Year Method Dataset used Accuracy Reference

1 2016 SVM Global dataset (PIDD + Diabetes
130-US datasets)

72 [49]

2 2017 Perceptron NHANES0506, NHANES0708
and NHANES0090

75 [50]

3 1996 Neural network PIDD 81 [29]
4 2012 C4.5 PIDD 91 [32]
5 2013 SVM PIDD 78 [1]
6 2014 ANN PIDD 82 [35]
7 2015 Decision Tree J48 PIDD 73 [51]
8 2015 Naïve Bayes Algorithm PIDD 79 [52]
9 2018 Naïve Bayes Algorithm PIDD 76 [53]
10 2016 Probabilistic neural network PIDD 81 [54]
11 2017 Two-class neural network PIDD 83 [55]
12 2017 Gaussian process PIDD 81 [43]
13 2017 Deep neural network PIDD 88 [56]
14 2020 REPTree PIDD 74 [57]
15 2014 LS-SVM-MPSO PIDD 97 [5]
16 2015 MLP  + Bayes Net PIDD 81 [37]
17 2016 SVM + ANN PIDD 96 [58]
18 2015 Back propagation neural

network and
Levenberg-Marquardt
Optimizer

PIDD 91 [59]

19 2014 Apriori + Back propagation PIDD 91 [34]
20 2013 K-Means + Amalgam KNN PIDD 97 [60]

ds in 
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Fig. 3. Depiction of metho

So, input source of datasets is influential for the selection of fusion
method. Although, simpler methods can also be developed using
common feature between different datasets or missing features in
one dataset can be filled with zero/mean values to fuse or combine
the datasets [49]. However, merging the datasets is challenging
to achieve the better accuracy but it is required to make practi-
cal use and reliability of the prediction model of diabetes. Further,

combined and hybrid machine learning models have potential to
achieve better/high accuracy on the challenging datasets and pro-
posed to be developed in further research.

m
f
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terms of accuracy trends.

The current review suggests that machine learning methods can
e more reliable if they will be trained, validated and tested on
lobal population or at least on represented dataset from all the
vailable diabetes datasets. The different features present in dif-
erent datasets exert challenge in combining the datasets which
equire data fusion before model building. Finally state of art
achine learning algorithms such as SVM, ANN and deep learning

ust be used to build prediction model for comparison the per-

ormance of each algorithm alone and combination to identify the
est method for the detection of diabetes.
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4. Conclusion

The objective of this study is to provide an overview of diverse
machine learning techniques that can be implemented in the
automatic prediction of diabetes. Different machine learning and
data mining techniques for classification are defined in this paper
which has appeared in recent years for efficient and effective
diabetes diagnoses. So, different techniques give disparate accu-
racy on distinct data. The main objective of diabetes prediction
model development is shifted from higher prediction accuracy to
achieve higher reliability for application in global population. Lim-
ited methods have been developed which are trained and tested on
multiple datasets. As diabetes is a worldwide problem, so there is a
need for a method that can be applied to the entire population of the
world and can predict diabetes from that dataset. The current dis-
cussion and proposed frame work of algorithms is expected to help
the researcher to developed better prediction algorithms/models
to conquer the diabetes through early prediction.
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