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Abstract- The quantum of data generated in the health care sector has raised a lot over the past few years.
That’s when Big Data Analytics oriented methodologies have come in handy. Furthermore, the application
of deep leaning concepts like Deep Belief Networks (DBN) is found to be much beneficial, especially in
predicting the risks associated with chronic condition diseases. So, we make a comprehensive survey of the
state-of-the-art Chronic Kidney Disease Prediction Systems in the health care and deduce our outcomes,
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L. INTRODUCTION

Smarter big data handling is much needed in
this developed age that we live today. As the
measure of data increases, the architectures and
technologies needed for handling those vast data
also need to get improvised day by day [1]. As
these architectures and technologies evolve, the
data extraction process becomes smoother and
efficient. According to [2], the following are the
properties associated with big data:

e Volume
o Complexity

e Variety

e  Variability
e Value

o Velocity

Owing to the advantages that the big data
handling gained in various sectors, its deployment
has increased considerably.

This section is then sub-divided into two as
follows:

A. Main Contributions of survey

With our survey made in this paper, the
following are the objectives:

e To realize the importance of handling
enormous amount of data by using big
data analytics.

e To pinpoint and investigate the role and
growth of big data analytics in the arena of
healthcare.

e To compare and contrast the predicting
systems pertaining to the chronic kidney
disease conditions.

e To finally deduce the need for effective
chronic kidney disease prediction
systems.

B. Pictorial representation of survey

The sections in our comprehensively made
survey have been clearly indicated in the following
fig. 1:
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Fig. 1 Pictorial representation of sections inclucated in our survey

II. BiG DATA HANDLING

This section will be sub-divided into three as
follows:

A.  Evolution of Cloud Methodologies

As the digital transformations are getting
increased day by day, various data might
necessarily have to be handled in cloud
methodologies, which is solely the reason for
data But
methodologies could never exist without any

efficient handling. these cloud
technical as well as non-technical constraints. As a
result, the evolution of these cloud methodologies

becomes essential as the scope for developmental

rises up. Some of those evolving cloud

methodologies are discussed below.

An education sector-aware cloud
methodologies were investigated by [3] to spot
improvisations in the cloud tech utilizations,
interaction intermediary to the Human and
computer, and big data in various engineering-
based universities and colleges. This study was not
only a theoretical study, but also a chronological
study investigating about the necessity of
deploying diversified cloud methodologies
depending upon the varying needs.

2002



Journal of Harbin Engineering University
ISSN: 1006-7043

[4] studied about the wvarious factors
contributing to the efficient data handling
pertaining to the placement methods and data
storage. They deduced the areas of improvement
or evolution that the cloud technologies should
make to contribute towards the efficient data
handling.

Likewise, many such works have considered
the importance of cloud technological evolution.
Those works are briefed below.

e C(Cloud tech as well as big data specific
challenges along with improvisation
areas were discussed [5].

e The positive role of Cloud tech as well as
big data leading to towards the
development of Organization were
studied [6].

e The evolvement of cloud tech with
respect to its Data integrity verification
was comprehensively studied with the
help of outsourced vast quantity of data
[7].

e Evolved version of cloud technology was
proposed and deployed for the sake of
data storage and forwarding [8].

e Remote sensing specific Google Earth-
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investigation of vast quantity of data was
studied [9].

e Another evolved version of cloud tech
was proposed to improvise the data
quality [10].

e Modified cloudlets-oriented cloud tech
was proposed and experimented with
Health care sector [11].

e Scheduling schema was devised related
to the task in the cloud based on the
dynamic batch mode cost saving [12].

B. Secured Handling

As the quantity of data gets bigger, the security
of data being handled also becomes vulnerable and
thus the quality of the extracted information or
features also gets reduced. Thus, the secured
handling of data becomes indispensable. In
particular, data processed by the cloud technology
should also be secured as there will be a greater
number of devices that are connected with each
other. Various instances of works concentrating on
the security aspect of the cloud handled
methodologies are being discussed in the following
tabulation in table 1:

based cloud tech towards the
Table 1 Summary of secured cloud-oriented methodologies

Works Methodology/ Consideration Inference/ Contribution

[13] RBSEE- Request-based, secured Security of data getting handled
and energy efficient method for big | between the source and destination
handling under IoT environment. was ensured by the utilization of

“Twofish” cryptographic method.

[14] DDDG- Duplicate Divergence- The secureness of the data getting
Different characteristics powered handled was achieved with the
dragon Genetic method. deployment of dragon operator-

oriented genetic method and k-DDD
anonymization to ensure higher
accuracy and lower data loss.

[15] Watermarking and Encryption Raspberry Pi platform and hard disc
powered security aware system was deployed towards the effective
was proposed for the sake of cloud | hardware management to achieve
computation of health care data. the data secureness by yielding

favourable robustness against
various attacks.

[16] Associated big data classification Associated classification cum
with secureness towards a better secureness of mobility big data
mobility cloud data. would be done even before the

execution of data investigation,
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mobility, and duplication. The data
gets categorized into two risks
criteria namely, public and secret
data.

[17]

Risk minimizing protected data
sharing rules set were defined
both in big data and cloud
computing.

The importance of cloud computing
in mobile means was deduced with
reference to the limitations like
Availability, Changes, Compliance,
and Privacy.

[18]

Intelligent and secured Medi care
alerting as well as monitoring
structure for big data and loT
system.

Intelligent and secured Medi care
system was formulated with the
deployment of GC- Grouping cum
choosing method as well as MF-R-
Meta Fog-Redirection along with
MapReduce for forecasting the
heart-related ailments. Better
desired outcomes in terms of
sensitivity, throughput, f-measure,
and accuracy were achieved.

[19]

Multi cloud-oriented hybridized
encryption methodology towards
the secured storage for big data.

The data would get secured even
before it gets stored in the multi-
cloud and prevents the insider

vulnerabilities by executing
operations like data uploading,
indexing, slicing, distribution,
encryption, decryption, merging,
and receiving.

Risks of Cloud Computing

Availability

Compliance

Fig. 2 Risks tackled when securing the cloud data [20]

The above fig. 2 shows the risks that get
tackled by securing the cloud-based data.

C. Big Data in Diseases Prediction

As the diseases prediction involves the vast
quantity of data in it, the early or accurate
prediction of any diseases is only possible with the

efficient handling of those vast data. This disease
prediction is not only prevalent for non-chronic
conditions, but also valid for chronic disease like
heart attack, kidney failure, diabetes, etc.

Determining the pathological characteristics
that contribute to the chronic diseases should be
done in order to avoid ending up in the chronic or
more severe health conditions, just like identifying
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the interventions of drug to be saver for sudden
heart failure [21].

Even the neonatal diseases could be
forecasted and prevented if the vast quantity of
data taken in a NICU- Neonatal Intensive Care Unit
could be handled efficiently [22]. Likewise, many
similar chronic/ severe medical conditions could
be treated or prevented by proper handling of the

vast quantity of patient’s data.

I1I. EVOLUTION OF BIG DATA ANALYTICS IN
HEALTHCARE

As the application of big data analytics in
health care has become more prevalent because of
increasing diseases and improper lifestyle. As a
matter of fact, even the lifestyle of sportsmen is
being monitored so as to maintain the health in
good shape [23]. Thus, we give a comprehensive
review of the big data analytics being deployed in
the healthcare as follows:

A deep transfer learning-oriented myocardial
infarction forecasting methodology was proposed
by [24] with special consideration given to the
non-rural/ city heath care systems. As the most
efficient tool for diagnosing myocardial infarction
was ECG, they deduced the computer dependent
diagnosing system to depict the risks of a
myocardial infarction by analyzing the images of
ECG by deploying VGG-MI1 and VGG-MI2. They
were able to achieve better outcomes in terms of
99.22 % accuracy, 99.49 % specificity, and 99.15%
sensitivity for VGG-MI2. However, this model was
only void for myocardial infarction and doesn’t
hold good for other heart ailments.

An improved and intelligent system of
wearable health monitoring system was proposed
by [25] by deploying ontologies and data mining
techniques along with Bi-LSTM- Bidirectional Long
Short-Term Memory. This monitoring system was
able to forecast any after side effects of drugs taken
related to the ailments like mental state of mind,
Blood Pressure, and Diabetes. The accuracy
yielded by this monitoring system was claimed to
be favorable. But this method had limitations like
deploying SentiWordNet and non-multi-modal
data.

A big data focused comprehensive
investigation was done by [26] by keeping in mind
the computational intelligence methods from the

perspective of interconnected machines and
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customized devices. They made use of HSTSM-
Hierarchical Spatial-Temporal State Machine in
their comprehensive investigation so as to sort out

the several limitations taking place in a
computational operation.
An Innovative three staged IoT-based

methodology for early diagnosis of heart related
ailments was devised by [27] with the deployment
of Apache HBase and Apache Mahout in stages 2
and 3 respectively. The Apache HBase in stage 2
was utilized for accumulating the vast data
collected wearables and Apache Mahout in stage 3
used for logistic regression-oriented forecasting of
heart related ailments. Finally, ROC was plotted to
identify the best clinical characteristics to receive
the heart ailment. However, the energy
conservative node choosing could have been done.

A SMSI- Social Media Search Indexes of certain
pre-defined factors was deployed by [28] to
forecast the count of COVID-19 cases reported
from December 2019 to February 2020. Out of the
six methods deployed for sorting out the
overfitting issue, subset selection was the most
efficient one. This SMSI-based outcomes were
found to provide an early caution to all pertaining
to the future COVID-19 cases.

Another instant of COVID-19 work was
proposed by [29] in order to pose a fight against
this deadly disease by using the concept of IoT.
They concluded that the intelligent health care
monitoring methods would be effective as the
digital transition of health records were high.

A method of CloudDTH- Digital Twin Health
maintaining was proposed by [30] towards the
personalized health maintenance of elderly human
beings. Their methodology was able to execute
operations like diagnosing, monitoring, and
forecast the health well-being of the elderly
people. Finally, the application perspective cases
studies were made. But the accuracy of the model
was not favorable enough.

Another instant of work considering the
personalized health care system was proposed by
[31] by prioritizing the data rather than the
method itself. They believed that only the un-
biased data could possibly be aiding the
personalized health care system.
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Various other works dealing with big data
analytics in health care for the health well-being of
human beings are further discussed below.

e The existence of multiple disease-aware
system in health care was
comprehensively reviewed by [32]
correlating between the big data and Al-
Artificial Intelligence.

e An improvised and modified large scale
classification in healthcare was achieved
by [33] by deploying Optimized Gabor
Feature Extraction process.

e The typical Medi data was characterized
and reviewed by [34] to deduce the
benefits, limitations, and further course
of action whenever dealing with vast
quantum of data.

e Another instant of big data-oriented
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the consideration of 41 earlier findings to
deduce their perspectives.

The role of big data analytics in the drug
developmental purpose was
comprehensively reviewed by [40] to
contribute towards the precision
medicine.

The inter-relationships between IoT,
cloud computing, and big data was
reviewed by [41] with reference to the
health care and Industry 4.0 (4t
industrial development).

Another instant of standard operative
review methodology was adhered by [42]
with the consideration of 29 most crucial
earlier findings to deduce their
perspectives.

Now, let’s see the big data analytics in the

management and investigation along arena of healthcare from the below table 2

with futuristic benefits were reviewed
comprehensively by [35].

e A survey perspective investigation
considering 224 answers was made by
[36] to know about the suitability of big
data in healthcare.

e The relationship of automated system
enabled decision making and customized
services in health care was reviewed and
suggested by [37].

e The inter-relationship intermediary to
both the big data analytics and health
care sector was reviewed by [38] with
reference to its limitations and
diversified applications.

o A standard operative review
methodology was followed by [39] with

Table 2 Summary of big data analytics in healthcare

Works Methodology/ Consideration Inference/ Contribution
[23] Lifestyle of sportsmen. Maintenance of good health.
[24] Deep transfer learning-oriented Deduced the computer

myocardial infarction forecasting
methodology.

dependent diagnosing system
to depict the risks of a
myocardial infarction by best
model VGG-MI2.
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[25] Ontologies and data mining techniques Forecast any after side effects
along with Bi-LSTM- Bidirectional Long | of drugs taken related to the
Short-Term Memory. ailments like mental state of
mind, Blood Pressure, and
Diabetes.

[26] HSTSM. Sort out the several
limitations taking place in a
computational operation.

[27] Innovative three staged IoT-based Logistic regression-oriented

methodology. forecasting of heart related
ailments with best clinical
characteristics.

[28] SMSI. Forecasting the count of
COVID-19 cases reported from
December 2019 to February
2020 with efficient subset
selection.

[29] Fight against COVID-19 by using the Intelligent health care

concept of IoT. monitoring methods would be
effective because of higher
transition rates.

[30] CloudDTH. The application perspective
cases studies were made with
less accuracy.

[31] Prioritization of data rather than the Un-biased data could possibly

method. be aiding the personalized
health care system

[32] Existence of multiple disease-aware Correlated between the big

system. data and Al-Artificial
Intelligence.

[33] Optimized Gabor Feature Extraction Improvised large scale

process. classification in healthcare.

[34] Typical Medi data. Deduced the benefits,

limitations, and further course
of action whenever dealing
with vast quantum of data.
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[35] Big data-oriented management and Futuristic benefits were
investigation. reviewed comprehensively.
[36] Survey perspective investigation The suitability of big data in
considering 224 answers healthcare is known.
[37] Relationship of decision making and Relationships suggested
customized services. successfully.
[38] Limitations and diversified applications | Inter-relationship
of big data analytics and health. intermediary to both the big
data analytics and health care
sector.
[39] A standard operative investigation Deduced various perspectives.

considering 41 earlier findings.

[40] Precision Medicine. The role of big data analytics
in the drug developmental
purpose was comprehensively

reviewed.
[41] Comprehensive review with reference to | Inter-relationships between
the health care and Industry 4.0. IoT, cloud computing, and big

data was reviewed.

[42] A standard operative investigation Deduced various perspectives.
considering 29 most crucial earlier
findings.
. ‘ Analytics
- Sensing Data -

N

I Omics Data ‘

\Diagnostic_)

it
E
Improved OQutcomes

Record . effective Decisions
Warehouse

Public Health
Record

Foresight

i
!Electronicﬂealth‘ - Sota + .“ Smarter and Cost
i :

| Clinicaldata
Fig. 3 Working architecture of big data in cost effective healthcare [43]

2008



Journal of Harbin Engineering University
ISSN: 1006-7043

The above fig. 3 shows the typical working
architecture of big data in cost effective sense in
the healthcare.

IV. CHRONIC KIDNEY DISEASE PREDICTION

SYSTEMS

Now a days, even the kidney problems in the
elderly have started increasing. The danger of
older people getting chronic/ severe kidney
diseases have also increased. So, there is an
indispensable need for any medical professionals
to diagnose the kidney problems well in advance in
order to avoid the chronic level kidney ailment.
Now, we are going to review the related works
carried towards the CKD- Chronic Kidney Disease
in the below.

The relationship between the total volume of
the kidney and Kidney developmental rate causing
the Chronic Kidney Disease was identified and
studied by [44] on the basis of an earlier
radiological study consisting of 241 patients.
According to them, if both of these parameters
could be monitored, it would serve as a bio-marker
for chronic kidney disease.

[45] studied the clinically important
forecasting of the rate of mortality with both the
Cardio-vascular and chronic kidney diseases. GFR-
Glomerular Filtration Rate was determined with
the help of 4,40,526 patients in order to aid the
forecasting of mortality rate because of Cardio-
vascular disease.

Both the acute level and chronic level kidney
injuries/ diseases were studied by [46] to identify
the bio-markers to prevent and treat these kidney
diseases for avoiding the kidney disease in future.
The pathophysiological relationship between the
healthier tubular of kidney along with its various
bio-markers were identified through this
comprehensive review investigation.

A Temporal modified gradient boost machine
was devised by [47] towards the Longitudinal risk
forecasting of the chronic level condition in kidney
in patients, who were suffering from diabetes
diseases. They utilized data of 14,039 adults, who
are suffering type 2 diabetic condition. Higher
outcome yielded was ROC of 0.83. However, the
pre-defined exclusions in the work could result in
wrong false positive values being estimated for
diabetic patients with kidney problems, who
haven’t screened for diabetes readings. Some of
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the other works which have considered the
chronic kidney diseases will be delt below.

e Chronic level of kidney damage was
studied by [48] with reference to the
Pathological scoring of Fibrosis with the
help of six deep learning processes.

e Kidney functionality forecasting model
was devised by [49] with the help of inputs
of ultrasound imaging by using the transfer
learning-based ResNet method.

e Forecasting of Metabolic ailment was done
by [50] with the help of VAI- Visceral
Adiposity Index and LAP- Lipid
Accumulation Product in patients who
have chronic level of kidney disease.

e [51] identified the association between the
chronic level of kidney disease and COVID-
19 by their brief review.

e A dependent prediction
methodology was devised by [52] to find
the association existing between each of
the following: coronary flow reserve;
mortality in case of cardiovascular risks,
and chronic kidney disease.

e [53] utilized the SVM- Support Vector
Machine categorical neural networks to
classify between the chronic and non-

cardiac

chronic conditions in the kidney diseases.

e (Cases-wise reasoning and neural networks
were deployed by [54] to provide the
considerable forecasting of the chronic
level of Kkidney disease with the
consideration given to the population of
the country Columbia during the period of
2018.

e Practical data-aware prediction model was
developed by [55] to forecast the chronic
level of kidney diseases in the patients,
who were suffering from the diabetes
diseases.

e A comprehensive comparative study
considering the SVM categorical neural
networks toward the forecasting of the
chronic kidney disease [56].

o Diversified machine learning and
statistical processes were deployed by [57]
to forecast the rate of severeness towards
the chronic kidney disease.

e DFS- Density-aware Feature Selection

method along with ACO- Ant Colony

2009
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Optimization was deployed by the [58] in
three stages for the sake of smartly
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comprehensively by [59] in order to

predict the chronic level of kidney disease.

predicting the chronic kidney diseases.

e Kidney

specific

inflammations-aware

forecasting methodologies were reviewed

Table 3 Summary of Chronic Kidney Disease Prediction Systems

Works Methodology/ Consideration Inference/ Contribution

[44] Identifying the relationship between the If both of the parameters
total volume of the kidney and Kidney could be monitored, it would
developmental rate causing the Chronic serve as a bio-marker for
Kidney Disease. chronic kidney disease.

[45] Clinically important forecasting of the rate Aided the forecasting of
of mortality with both the Cardio-vascular mortality rate because of
and chronic kidney diseases. Cardio-vascular disease.

[46] Identifying the bio-markers to preventand | The pathophysiological

treat these kidney diseases for avoiding the | relationships were identified.
kidney disease in future.

[47] Longitudinal risk forecasting of the chronic | Higher outcome yielded was

level condition in kidney in patients. ROC of 0.83.
[48] Pathological scoring of Fibrosis with the Successful kidney disease
help of six deep learning processes. forecasting model was
developed.

[49] Transfer learning-based ResNet method. Successful kidney
functionality forecasting
model was developed by using
the inputs of ultrasound
imaging.

[50] VAI- Visceral Adiposity Index and LAP- Forecasting of Metabolic

Lipid Accumulation Product in chronic ailment was done.
kidney disease patients.

[51] Brief review with reference to COVID-19. Association between the
chronic level of kidney disease
and COVID-19 was made.

Now, let’s see the summary of chronic kidney
disease prediction systems in the following table 3:

2010
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neural networks.

[52] Cardiac dependent prediction methodology. | Found the association of all
involved parameters.
[53] SVM- Support Vector Machine categorical Successful classification made

between the chronic and non-
chronic conditions of kidney
diseases.

[54] Cases-wise reasoning and neural networks.

Forecasting of the chronic
level of kidney disease in line
with the Columbian
population was made.

[55] Practical data-aware prediction model.

Forecasted the chronic level of
kidney diseases in the diabetic
patients.

neural networks.

[56] Comparative study with SVM categorical

Forecasted the chronic level of
kidney diseases successfully.

methodologies.

[57] Diversified machine learning and statistical | Successfully forecasted the
processes. rate of severeness in the
chronic level of kidney
diseases.

[58] Three layered DFS method along with ACO. | Smartly prediction of the
chronic kidney diseases was
made.

[59] A comprehensive review on Kidney specific | Forecasted the chronic level of

inflammations-aware forecasting

kidney diseases successfully.

V. NEED FOR EFFECTIVE CHRONIC
KIDNEY DISEASE PREDICTION
SYSTEMS

They were many factors contributing towards
the chronic level of kidney disease in human
beings, however, the untreated and uncared minor
issues left in the kidney could cause a situation
where the patient could find themselves in a

chronic condition or even more severe situation of
ending up in sudden death. Thus, diagnosing and

treating the  kidney ailments become
indispensable.
These precautionary diagnosing

methodologies adopted to predict the chronic as
well as non-chronic kidney conditions have
evolved from time to time ranging from the
adoption of machine learning methodologies and

2011
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cloud technologies to the adoption of deep
learning methodologies.

Some of the areas of improvement that are
needed to be tackled by these effective chronic
kidney disease prediction systems including but
not limited to:

e Global as well as natural trend of
predicting the chronic kidney diseases
are grabbing the attention owing to the
higher mortality/ morbidity, by also
including but limited to diabetes, retinal,
and cardiac risks, etc.

e  Tacking the reduced GFR rates

e (lassifying methodologies should be able
account for Dimensionality reduction.

Vol 44 No. 7
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e The progression of chronic level of
kidney disease needs to be controlled so
as to prevent parenchymal cell loss,
fibrosis, and chronic inflammation, etc. to
prevent the end stage kidney disease or
sudden death.

VI. COMPARATIVE INVESTIGATION OF THE
COMMON PARAMETERS USED BY THE EXISTING
WORKS

In this section, we will pin point out a few
existing works realized in the literature related to
chronic disease investigation and take and
compare the common parameters considered by
those works in order to analyze their performance
in the below table 4.

Table 4 Comparative Investigation of the Parameters used by the existing works

Works Common Parameters involved | Performance discussion
for chronic investigation
[45, 52] Associated Mortality rates In most scenarios, the mortality rates were realized
to be more whenever the chronic conditions were
left carelessly.
[25,47,55] | Conditions of Diabetes Much real-time prediction of chronic condition was
possibly by considering the readings of diabetes.
[44, 46] Role of knowing the bio- markers | For earlier diagnosis of any chronic conditions in
human beings, bio- markers serves a significant
signing tool that alerts about any abnormalities.
[21, 46, 48] | Role of knowing Pathology Pathological consequence could often result in
consequence chronic condition, especially, causes CKD.

To know how much the above seen 4 common
parameters influence/ affect the
conditions in human beings, we are plotting a chart

chronic

showing the significance of those parameters by

rating from 1 to 4 (with 1 being the highest
significance and 4 being the lowest significance)
depending on our observation in the below fig. 4.

2012
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Parameter relevance for chronic disease investigation based on
observed significance

Significance showing the relevance
= N

Associated Mortality Conditions of Diabetes
rates

July 2023
Role of knowing the bio- Role of knowing
markers Pathology consequence

Common parameters

Fig. 4 Chart showing the parameter relevance for chronic disease investigation based on observed

significance

VIIL CONCLUSION AND FUTURE WORK

With the comprehensive survey being made in
this work, we have arrived at the following
conclusions which could serve as the good source
for the futuristic works:

e  With the help of big data analytics, the way
in which the large quantum of data gets
processed have eased a lot in the recent
years.

e As the role of big data analytics in
healthcare was found to be immense, the
possibilities for preserving the health of
the patients could be considerably
improvised.

e  With the advent of chronic kidney disease
prediction methodologies, we have been
given a chance to treat it and get ourselves
saved from the sudden deaths/ adverse
health effects caused because of that
chronic condition.

e The existence of those chronic kidney
disease prediction is not alone enough,
but the effective ones can actually reduce
the unforeseen deaths of unattended or

(1]

(2]

overlooked patients, thereby, the
mortality rate could be lowered down.

If the chronic prediction methodologies
are effectively proposed with deep learning
concepts, it will be of great importance as they
are way better than the conventional machine
learning prediction systems. In particular, the
Deep Belief Networks (DBNs) could be
deployed by the future researchers for
predicting any chronic level kidney cases with
considerable accuracy to reduce any adverse
health effects provided that it adopts to
prevailing clinical conditions.
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