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Abstract  

Kidney failure is a silent chronic disease, without symptoms, and develops into an acute stage 

quickly. Unfortunately, the majority of patients discover this disease in its advanced stages where 

hemodialysis or transplant becomes a necessity. Predicting kidney failure will make controlling 

the progression of the disease possible and can even stabilize the state of patients. 

Data Analytics and data mining techniques, as well as machine learning proved a great success in 

information and knowledge discovery from medical big data to help decision making. Indeed, all 

the fields of the medical sector are paramount by the application of these technologies, given the 

useful knowledge extracted from collected data. Such knowledge will contribute to improve 

decision-making and save human lives. In this paper, we will present state-of-the-art kidney 

disease forecasting techniques applied to real patients’ medical data. We will also show the 

importance of such applications through the obtained results. 

Keywords: Data mining, Machine learning, Predict, Medical data, Medical sector, Decision 

making, Kidney disease forecasting.  

 

Introduction 
The number of patients with end stage kidney disease is growing worldwide, with an increase in 

cases of 5 to 7% each year; kidney failure become one of the priorities of the public health law [1]. 

Although essential to our life, kidneys are rather special organs in the human body: they filter 180 

liters of our blood every day and eliminate waste from the body [2]. But a silent danger could 

disturb this vital harmony; it is renal insufficiency. This progressive reduction in the functioning 

of kidneys, devoid of symptoms, corresponds to a progressive and irremediable destruction of the 

canals (the nephrons) which constitute the kidney. It appears when only one third of these channels 

remain in working condition. It can be detected by a biological check-up called the creatinine 

dosage in case of diabetes, urinary tract infection, high blood pressure, kidney stones, albumin in 

urine, severe infection, unexplained anemia, or drug poisoning [3]. These manifestations may be 

the cause or consequence of kidney failure. At the end stage (90% of ineffective nephrons), this 

disease requires urgent treatment like dialysis or transplant.  

Individuals with chronic kidney disease (CKD) are more likely to die of cardiovascular (CV) 

disease (CVD). This  result is proved by a large cohort study comprising more than130 000 elderly 

subjects and which showed that increased incidence of CV events could be in part related to the 

fact that persons with renal insufficiency are less likely to receive appropriate cardioprotective 

treatments. It is clear that accelerated CVD is prevalent in subjects with CKD [4]. 

In diagnosis, chronic renal failure is defined as either kidney damage or glomerular filtration rate 
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less than 60 ml/min for three months or more [5]. This is invariably a progressive process that 

results in end stage kidney disease. Serum creatinine is commonly used to estimate creatinine 

clearance but is a poor predictor of glomerular filtration rate, as it may be influenced in 

unpredictable ways by assay techniques, endogenous and exogenous substances, renal tubular 

handling of creatinine, and other factors (age, sex, body weight, muscle mass, diet, drugs). 

Glomerular filtration rate is the “gold standard” for determining kidney function, but its 

measurement remains cumbersome. For practical purposes, calculated creatinine clearance is used 

as a correlate of glomerular filtration rate and is commonly estimated by using the Cockcroft-Gault 

formula [6] [7] as follows: 

 

𝐶𝑒𝑟 =
(140 − age)(wt Kg)

72 ∗ Ser (
mg

100𝑚𝑙
)

 

 

Even if kidney failure is a silent disease, it does not prevent it from generating a set of symptoms 

and signs which require dosages by analysis.  Sometimes doctors on the basis of this analysis 

commit false diagnosis that enters in the case of medical errors committed by the doctors during 

the examination to determine the nature of the symptoms presented by the patient. Such mistakes 

happen when a doctor refrains from seeking information about  the patient's state of health , does 

not seek the advice of a more specialized colleague when such advice is required, or does not 

prescribe an examination that is nevertheless necessary for the establishment of a diagnosis.. A 

study has shown that Medical errors would be the third leading cause of death in the United States, 

after cardiovascular diseases and cancer. This is the conclusion reached by two American 

physicians, Martin Makary and Michael Daniel, both from the surgery department at Johns 

Hopkins University in Baltimore, Maryland, who concluded that medical errors are causing 

251,000 deaths a year [8]. Chronic kidney failure is a disease that does not have effective 

medication yet. But early detection followed by good diagnosis will lead to better decision-making 

and plays an important role in earlier identification, preventing patients, anticipating treatment, 

stopping the progression of the disease, stabilizing the patient's situation, and consequently 

improving outcomes [9], [10]. Big data technologies, data mining techniques and machine learning 

have shown a great success in knowledge discovery, especially since medical field is a data-

producing domain. 

The potential of Big Data analytics allows slowing the ever-increasing costs of care, help providers 

to practice more effective medicine, empower patients and healthcare providers, and dream about 

more personalized and predictive medicine. Using Social media, cloud computing, combined with 

intelligent procedures for managing, analyzing and extracting insights from Data will transform 

healthcare system and give the power to explore, predict and why not anticipate the cure. Big-data 

analysis promises and affirms that medicine dimensions will completely change. 

Big data can exploit medical data to extract value and hidden knowledge that can help in decision 

making, and reduce the rate of false diagnosis. The goal is to reduce the cost of treatment, predict 

diseases in the first stage and anticipate the treatment to relieve suffering of sickness or even save 

people’s lives. 

In this paper, we will explore kidney disease prediction; an objective achieved by the application 
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of different methods on databases from different organizations. Our aim is, on the one hand to 

show the great interest of this subject in the scientific community and the efforts provided in this 

direction, and on the other hand the biggest need to apply these techniques in the field of 

nephrology because of the promising obtained results. 

Literature review 
Authors in this study developed a model for predicting the risk of progression of chronic kidney 

disease (CKD) from phase III to phase IV, which includes longitudinal data and characteristics 

from clinical literature. 

The study cohort was derived from the clinical data warehouse, NewYork-Presbyterian Hospital 

(NYP). The study cohort consisted of 2908 primary care patients who had at least three visits 

before January 1, 2013 and developed phase III CKD disease during their documented history. 

The cohorts of development and validation were randomly selected from the study cohort and the 

study data sets included longitudinal data for inpatient and outpatient populations. The study 

cohort was randomly divided into development cohorts (90%) and validation cohorts (10%). 

Authors used two types of variables:  independent variables like age, and gender, and time-

dependent variables, including all vital parameters, like blood pressure, Creatinin, Magnesium, 

protein…etc. These variables are included in the five statistical models considered: Estimated 

glomerular filtration rate model (eGFR), Laboratory Test Kalman Filter (LKF), Text Kalman Filter 

(TKF), Laboratory Test and Text Kalman Filter (LTKF) and recent laboratory tests (RLT). Patients 

who developed phase III CKD (defined as the estimated glomerular filtration rate (eGFR) 

systematically had <60 ml / min / 1.73 m2 for 3 months). The result of interest was defined as the 

progression to phase IV of the CKD when (eGFR always <30 ml / min / 173 m2 for 3 months). 

Authors combined the analysis of times series (kalman filter) with survival analysis (cox model) 

and result showed that LTKF has the highest accuracy, because it takes into account the results of 

longitudinal laboratory tests and longitudinal clinical documentation[11]. Authors propose an 

adaptive neurofuzzy inference system (ANFIS) for predicting renal failure timeframe of CKD 

based on real clinical data, and they compare it with real GFR with fuzzy in MATLAB in order to 

provide a method with an acceptable precision to find the basis for a decision support system in 

health care and to support clinical decision systems. Used data come from clinical records of a 

cohort study of newly diagnosed CKD patients who were admitted serially to the nephrology 

clinic; the Imam Khomeini Hospital (Tehran, Iran), between October 2002 and October 2011. A 

total of 465 CKD patients were included in the study.  The test group consisted of 389 patients. 

The control group consisted of 76 patients. Variables were clinical and laboratory patient data.  

The inclusion criteria for CKD definition includes small sized kidney in ultrasound images or GFR 

less than 60 cc / kg / min / 1.73 m2 for more than 3 months. The threshold value of 15 cc / kg / 

min / 1.73 m2 glomerular filtration rate (GFR) was used as a marker for renal insufficiency. 

The comparisons of the predicted values with the real data showed that the ANFIS model could 

accurately estimate GFR variations in all sequential periods (Normalized Mean Absolute Error 

lower than 5%) [12]. Authors tried in this study to identify factors predicting renal recovery in 

patients presenting with renal failure secondary due to bilateral obstructing urolithiasis. Used Data 

was from electronic records of consecutive adult patients with bilateral obstructive urolithiasis 

between January 2007 and April 2011, from the electronic medical records at Urology, Christian 
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Medical College in India. 

Variables studied were age, sex, symptoms duration, location of stone, number and size, infection, 

maximal renal parenchyma Thickness, time to creatinine and the presence of Factors Co-morbids. 

Renal recovery was defined as nadir creatinine of  ≤ 62 mg/dL. 

Survival analysis was used to assess the time taken to nadir creatinine. Survival curves were 

obtained using Kaplan–Meier estimates for the absence of hypertension, symptom duration, and 

maximum renal parenchymal thickness. Log-rank statistics was used.  The statistical software 

SPSS (version 16.0 for Windows) was used to analyze the data. 

Results showed that shorter symptom duration (≤ 25 days) is predictive of renal recovery in renal 

failure secondary to bilateral obstructive urolithiasis [13]. Authors propose a novel probabilistic 

generative model that can provide individualized predictions of future disease progression while 

jointly modeling the pattern of related recurrent adverse events. They fit their model using a 

scalable variational inference algorithm and apply the method to a large dataset of longitudinal 

electronic patient health records. The model gives superior performance in terms of both 

predictions of future disease trajectories and of future serious events when compared to non joint 

models. The predictions are currently being utilized by local accountable care organization during 

chart reviews of high risk patients. The goal is to develop statistical methods that model both the 

risks of future loss of kidney function and the risks of future complications or adverse health events 

and predictions from these models, which can then be used by healthcare organizations to connect 

high-risk patients to appropriately targeted interventions.  

The used data set was a large cohort of patients with CKD from the Duke University Health 

System; the approach is formulated as a hierarchical latent variable model. Each patient is 

represented by a set of latent variables characterizing both their disease trajectory and risk of 

having events. This approach captures dependencies between the disease trajectory and event risk. 

This study is characterized by the use of inference mechanism through in inference algorithm to 

scale the large dataset [14]. Authors in this study developed a framework to improve the accuracy 

of rule induction and decision tree models to predict kidney failure. Used data was collected from 

Apollo Hospitals, Tamil Nadu, and India. With 24 variables including class variable patient with 

CKD or NOT CKD , initial dataset was not balanced. And if dataset is imbalanced, the traditional 

models cannot produce accurate results. Thus the proposed framework improves the accuracy of 

models by balancing the imbalanced dataset. For this, authors applied a rebalance algorithm 

SMOTE on imbalanced dataset to make it balanced. Several classifiers are used like decision tree 

algorithm and rule based method, the produced findings prove an increasing accuracy. The results 

are also compared with balanced and imbalanced dataset. This method attains the average accuracy 

of 98.73% [15]. Using data mining techniques, authors try to specify the effective parameters in 

chronic kidney disease and also to determine their relations with each other in Iranian patients with 

CKD. 23 variables are used; the statistical population of the study includes 31996 data records 

registered in the database, from SINA hospital in Tehran University Medical Sciences. After data 

understanding, data preparation and data cleaning based on CRISP-DM (Cross Industry Standard 

Process for Data Mining) methodology, data mining tools were used to find the hidden rules and 

relationships between parameters in collected data. The algorithm applied to the data in this study 

is Association Rules. After running mining algorithms on the data in the database the relationships 

between the effective parameters were specified [16]. Authors in this study try to detect association 
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between patient’s parameters and early Arteriovenous fistula AVF failure, because it is an 

important vascular access for hemodialysis (HD) treatment but has 20–60% rate of early failure.  

It is also important for reducing its prevalence and relevant costs. They also try to predict incidence 

of this complication in new patients which is a beneficial controlling procedure. Patient safety and 

preservation of early AVF failure is the ultimate goal. Research was in Hasheminejad Kidney 

Center (HKC) of Tehran, which is one of Iran’s largest renal hospitals. Data of 193 patients was 

analyzed using supervised techniques of data mining approach.  

There were 137 male (70.98%) and 56 female (29.02%) patients introduced into this study. The 

average of age for all the patients was 53.87 ± 17.47 years. Twenty eight patients had smoked and 

the number of diabetic patients and nondiabetics was 87 and 106, respectively. A significant 

relationship was found between “diabetes mellitus,” “smoking,” and “hypertension” with early 

AVF failure in this study. The used technique was supervised techniques of data mining to predict 

early AVF failure and determine the risk factors that have important roles on it. Learning 

algorithms used in this work are JRIP and J48, and were tested on Waikato environment for 

knowledge analysis (weka).  

They found that these mentioned risk factors have important roles in outcome of vascular surgery, 

versus other parameters such as “age.” Then they predicted this complication in future AVF 

surgeries and evaluated designed prediction methods with accuracy rates of 61.66%–75.13%. 

 

Discussion 
Kidney disease is based on precision from the beginning, because a very good diagnosis is based 

on precision. To be precise and to make a good diagnosis, it is necessary to exploit the patient's 

medical data in order to extract useful information, that will not only help to decide but also to 

predict the disease and its temporary intervals of progression, to anticipate the cure and stabilize 

patient’s situation. 

All cited studies showed the great interest in kidney failure prediction by the scientific community; 

a hope created through the promises of big data techniques to overthrow the medical field and give 

doctors a powerful support to make decisions in the nephrology branch. 

Without apparent symptoms at first, kidney failure generates some complications, determined by 

the glomerular filtration rate (GFR) which is the volume of fluid filtered by kidney per unit time. 

It is a value that quantifies kidney activity. GFR is classically estimated by serum creatinine, 

calculation of creatinine clearance from 24-hour urine harvest, or by Cockcroft's formula. 

Through the literature we have done, we found that (GFR) is the pivot in all the diagnostic process 

of the disease, and all the authors have built their research on the good prediction of this parameter, 

it means that the values of this parameter in the future is decisive. 

Different techniques are applied and on different forms of the disease. Knowing that there are two 

types of kidney failure: Acute renal failure due to sudden failure of renal function, and chronic 

renal insufficiency, which is the result of the slow and gradual decline of renal function [17], we 

notice that there are several methods for estimating this GFR like:  Serum creatinine, a molecule 

produced by muscle metabolism, being eliminated primarily by glomerular filtration, which 

constitutes a renal marker that is commonly dosed but lacking sensitivity. Measurement of 

clearance, by dosage of serum and urinary creatinine, has the disadvantage of requiring a 24-hour 
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urine harvest, subject to uncertainties. 

For that several formulas are developed, including The Cockcroft and Gault formula, which takes 

into account weight, age and creatinine, and allows the adult to estimate the creatinine clearance 

[18]. This clearance is very close to GFR and provides information on the state of renal function 

and more recently an algorithm was developed for estimating glomerular filtration rate based on 

serum creatinine, age, gender and ethnicity of the patient baptized Modification of Diet in Renal 

Disease [19]. The MDRD formula makes GFR standardized on body surface area in mL / Min / 

1.73 m2. It often underestimates GFRs above 602. 

The National Kidney Disease Education Program (NKDEP) recommends the MDRD equation as 

the best approach to evaluate renal function in patients with chronic renal failure and to identify 

patients at risk [20].  

Renal function is described in several levels according to the GFR [21]: 

Level 1: ≥ 90mL / min / 1.73m2, normal or increased GFR; 

Level 2: 60-89mL / min / 1.73m2, slightly decreased GFR; 

Level 3: 30-59mL / min / 1.73m2, moderate chronic renal failure; 

Level 4: 15-29mL / min / 1.73m2, severe chronic renal failure; 

Level 5: <15mL / min / 1.73m2, chronic terminal renal failure. 

Chronic renal insufficiency is generally defined for a glomerular filtration rate of less than 60 mL 

/ min. Dialysis or, if possible, renal transplantation should be performed if GFR is less than 10 or 

15 mL / min. 

All researches done in kidney failure prediction were based on this medical information 

concerning. What differ are just the used techniques; there are authors who have applied data 

analysis techniques such as inference mechanism by an algorithm for simulation of deductive 

reasoning, so an inference engine allows expert systems to conduct logical reasoning and derive 

conclusions based on a basis of facts and a knowledge base [22] or kalman filter [23][24] which 

estimates the states of a dynamic system from a series of measures[25][26].  

We notice that Patient-dependent variables, such as fast blood sugar, creatinine, cholesterol, high-

density lipoprotein, triglyceride, hemoglobin, red blood cell count, white blood cell count…etc., 

do not exceed 24 in total, including daily habits variables (smokers or non-smokers) in the 

diagnostics of the disease. 

Kidney failure disease forecasting is based on precise medical data consisting of all the medical 

history of patient and in a given temporary interval and then the application of the new best 

techniques such as those of data mining.  

 

Future work  
Chronic kidney disease (CKD) includes a wide range of pathophysiological 

processes which will be observed along with abnormal function of kidneys and progressive 

decrease in glomerular filtration rate (GFR). In order to predict kidney failure disease, it is necessary 

to use the time series dataset concerning all dependent variables of CKD, which must contain 

accurate information about the patient's medical history. 
Preferably the database must be from a medical organization (hospital, clinic) and contains all medical 

information and data about patients (male or female) with different ages and over a time interval of ten 
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years or more. Patients must have frequent the medical organization more than once after their first 

diagnosis. 

Our future work is based on all the information cited about kidney failure disease, starting with dependent 

variables and ending with the predictions of GFR values, but with applications of data mining techniques 

and especially learning algorithms on real medical database including patient admitted to a clinic of 

Nephrology, during October 2002–October 2011. A total of 465 CKD patients were enrolled in the study. 

The test group consisted of 389 patients who continuously (at least every six months) were visited in the 

clinic. The control group consisted of 76 patients who did not regularly follow. To reach our objective, 

we will make a regression and discrete model, because linear regression seeks to establish a linear 

relationship between an explained variable and one or more predictor (explanatory). The variable 

on which we will rely to say that this patient will have the CKD or not is the much talked about 

Glomurular Filtration Rate (GFR). And the explanatory variables are the vital parameters that 

trigger and influence GFR. 

Conclusion 
Kidney disease forecasting is a fertile field for researchers who wish to develop predictive 

mechanisms capable of fighting this disease. The kidneys are very sensitive organs and are 

influenced by the slightest action whether it is a false diagnosis or a bad chance of inheritance 

because they are also a disease by heredity. 

The applied techniques of data explorations and, especially, the arrival of big data and data mining 

gives more hope and more chance to weaken this disease and minimize human and cost damage. 

These promises are proved by the results obtained in the prediction of the disease, and whatever 

the techniques or the used methods are, the goal remains unique: saving human lives. 
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