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Abstract 

Aim: Kidney stone disease, which can aff ect people of all ages and whose incidence increases day by day, 
is becoming a public health problem due to treatment costs. This study aims to determine how factors related to 
kidney stones aff ect the diagnosis of the disease when taken together, rather than determining their relationship 
with the disease one by one.

Materials and methods: An open-access dataset containing kidney stone status and associated factors 
was used in the study. Mann Whitney U test and independent sample t-test were used in data analysis. Logistic 
regression was performed with the backward variable selection method to determine the factors associated with 
kidney stones. ROC analysis was used to determine the power of the variables that were signifi cant as a result of 
logistic regression analysis, individually and together, in discriminating kidney stones.

Results: According to the results of logistic regression analysis, gravity, cond, and urea calc variables 
were found to be associated with kidney stones. With ROC analysis, it can be said that urea, calc, and gravity 
variables with AUC values above 0.60 can distinguish kidney stones. When the combinations of these variables are 
examined, the AUC values of the binary combinations are between 0.734 and 0.759, while the AUC value obtained 
for the triple combination is 0.831.

Conclusion: According to the results obtained from the article, it can be said that while the factors associated 
with the disease and used in the diagnosis have little eff ect on the diagnosis of the disease alone based on the 
AUC values obtained from the ROC analysis, it can be said that considering them together increases the accuracy 
in diagnosis. Therefore, considering the factors thought to be associated with the disease together may be more 
appropriate in diagnosis and may give more accurate results.

Introduction
Kidney stone disease, commonly known as nephrolithiasis 

or urolithiasis, is one of medicine's oldest disorders. It is 
predicted that 1% - 15% of people may get kidney stones at 
some point in their lives, and the prevalence and incidence 
of kidney stones are increasing globally [1-4]. According to 
a recent study conducted in China, the prevalence of kidney 
stones was stated to be 5.8% among Chinese adults (6.5% 
in men and 5.1% in women), and it was concluded that 1 in 
every 17 adults is affected by kidney stone disease [5,6]. It 
causes about 80,000 hospitalizations in the UK each year, 
and data from the United States show that its prevalence has 
risen from 3.8% in 1976-1980 to 8.8% in 2007-2010 [7,8]. As 
a result, the prevalence of kidney stone disease, which varies 
from region to region, has been increasing day by day in the 
last 30-40 years. For this reason, it has become one of the 
most common diseases today and has become an important 

public health problem, resulting in serious treatment costs. 
Without adequate treatment, kidney stones can cause 
ureter obstruction, blood in the urine, recurrent urinary 
tract infections, vomiting, or painful urination, resulting in 
irreversible functional impairment to the kidneys [9,10]. 
Urolithiasis is frequently a recurring and lifelong condition, 
with a 50% recurrence rate after 5-10 years and a 75% 
recurrence rate within 20 years [11,12].

In light of some studies, it has been shown that in addition 
to global warming, there is an increase in kidney stone 
formation due to many environmental factors such as recent 
changes in lifestyle and eating habits [3,10,13]. However, as 
mentioned, the exact factors responsible for the increasing 
prevalence and recurrence of kidney stone disease have not 
yet been identi ied. Kidney stone disease has a signi icant 
impact on the economy in terms of individual, community, 
and treatment burden due to its high prevalence in adults, 
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especially in the working population [14]. It is becoming a 
major public health problem, especially in communities 
living in hot and dry climates where it is most common.

Therefore, there is a need for parameters that can be 
associated with the disease and can be used in the diagnosis 
of kidney stone disease, which obstructs the urinary system, 
leading to a decrease in quality of life and progressing to 
renal failure in patients, in order to predict its formation in 
advance and to minimize the recurrence of kidney stones.

There are many parameters associated with the diagnosis 
of kidney stones. Although each of these parameters is used 
to explain kidney stone formation, the use of each of them 
individually may sometimes be insuf icient to explain 
the disease. Considering some parameters together and 
associating them with each other may be more effective in 
the diagnosis of the disease. For this purpose, in this study, 
the combinations of the parameters determined to be 
associated with renal failure will be examined and associated 
with kidney stones and how the evaluation of the parameters 
together will affect the diagnosis will be examined.

Materials and methods
Data set and features

The dataset used in the study is a dataset consisting of 
clinical data of individuals with and without kidney stones. 
This dataset was obtained from "https://www.kaggle.com/
datasets/harshghadiya/kidneystone/data" and is an open-
access dataset. The kidney-stone-dataset.csv is a comma-
separated values ile containing data on patients with 
kidney stones. The ile has 90 rows and 7 columns, with 
each row representing a patient and each column providing 
information on various characteristics and laboratory test 
results. The dataset also includes a target variable, "Risk of 
Stone", which is a continuous variable representing the risk of 
developing kidney stones. This dataset can be used for tasks 
such as predicting the risk of kidney stones based on patient 
characteristics and test results. The explanatory variables ph, 
osmo, urea, calc, gravity, and cond were included to explain 
the target variable. Explanations of explanatory variables are 
given below.

Gravity: It refers to urine-speci ic gravity, which 
measures the concentration of dissolved substances in urine.

pH: pH measures the acidity or alkalinity of urine.

Osmo (Osmolality): Osmolality measures the 
concentration of solutes (particles) in urine.

Cond (Conductivity): It measures the ability of urine to 
conduct electricity, which is in luenced by the concentration 
of ions in the urine.

Urea: Urea is a waste product produced by the liver as a 
result of protein metabolism.

Calc (Calcium): Calcium is an important mineral that 
plays a role in bone health, muscle function, and nerve 
transmission.

Biostatistical analysis

The statistical analysis section describes the methods and 
tools used to analyze the data collected in the study. The data 
are quantitative, i.e. numerical, and measured on a scale. The 
conformity of the data to a normal distribution was checked 
with the Shapiro-Wilk test. Some of the data were normally 
distributed while some were not. Therefore, the normally 
distributed data are summarized with mean ± sd, while the 
non-normally distributed data are summarized with median 
(95% con idence interval for median). Depending on the 
data distribution, an independent sample t - test or Mann-
Whitney U - test was used for statistical analysis. P < 0.05 was 
considered statistically signi icant.

Logistic regression analysis was performed using the 
backward variable selection method to determine the 
odds ratio of the variables. With this analysis, Hosmer & 
Lemeshow's goodness of it test and omnibus test of model 
coef icients were calculated.

ROC analysis was performed to determine the extent 
to which the explanatory variables discriminate the target 
variable. ROC analysis was performed with the variables 
obtained as signi icant in the logistic regression model. As 
a result of the ROC analysis, combinations of variables with 
good discrimination properties were taken to determine 
the percentages of discrimination of the target variable. 
Therefore, binary logistic regression was applied to calculate 
the predictive probability of the combined variables for 
kidney stone diagnosis. ROC curves were constructed using 
the predictive probability as a covariate. The areas under the 
curves (AUCs) were used to assess the diagnostic value of the 
combination of each variable.

Results
Descriptive statistics of the variables used to determine 

the presence/absence of kidney stones, which is the target 
variable in the study, are given in Table 1.

The descriptive statistics of the independent variables 
according to the categories of the target variable and the 

Table 1: Descriptive statistics of explanatory variables.
Variables Median (95% confi dence interval for median)

ph 5.94(5.73-0.075)
osmo 567(516-25.382)
urea 224(195-14.278)
calc 3.3(2.36-0.321)

Mean ± Sd
gravity 1.018 ± 0.007
cond 20.696 ± 7.665

SD: Standard Deviation
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statistical results of the tests on whether there is a statistically 
signi icant difference in the variables in terms of categories 
are given in Table 2.

According to the logistic regression analysis using the 
backward variable selection method, among the variables ph, 
osmo, urea, calc, gravity, and cond, are statistically signi icant 
and are explanatory variables for kidney stone status. The 
results of the logistic regression analysis are given in Table 3.
According to the results obtained from logistic regression 
analysis, p < 0.05 for gravity, cond, urea, and calc variables, 
and these variables are considered risk factors for kidney 
stones. It is said that an increase in gravity and calc variables 
increases the risk of kidney stones (8.36 fold and 1.971 fold, 
respectively).

The results of the ROC analysis with the variables that 
were signi icant according to the logistic regression analysis 
results are given in Figure 1 and Table 4.

When the results of the ROC analysis are analyzed, it 
is seen that the cond variable could not distinguish the 
categories of the kidney stone variable, which is the target 
variable, and the other variables provided distinction.

According to the results of ROC analysis, the results 
of ROC analysis using the combinations of urea, calc, and 
gravity variables which are successful in discriminating the 
categories of kidney stone variables are given in Figure 2 and 
Table 5. 

In the ROC analysis for the combinations, it was observed 
that the urea variable, which had the lowest discriminative 
power in the single ROC analysis, increased its discriminative 
power when considered together with gravity (AUC = 
0.734). Likewise, when analyzed with the calc variable, the 
discrimination power increased (AUC = 0.759). Finally, when 
the 3 variables with discrimination power are considered 
together, it is seen that this combination discriminates the 
target variable, kidney stone, and more (AUC = 0.831).

Discussion
Kidney stones are highly prevalent, affecting 

approximately 10% of adults worldwide, and the incidence of 
kidney stone disease is increasing day by day. An imbalance 
of crystallization inhibitors and promoters is implicated in 
the formation of kidney stones. The underlying etiology of 
kidney stone formation in most patients has been reported 
to be multifactorial. These factors include environmental, 

Table 2: Descriptive statistics and test results for categories of the target variable.

Variables
Absence of kidney stones Presence of kidney stones

p
Mean ± Sd Median (95% confi dence interval for median) Mean ± Sd Median (95% confi dence interval for median)

gravity 1.015 ± 0.006 1.017(1.015-1.02) 1.02 ± 0.007 1.021(1.018-1.024) < 0.001*
ph 6.126 ± 0.686 5.975(5.68-6.35) 5.975 ± 0.724 5.86(5.58-6.13) 0.271**

osmo 561.659 ± 234.58 562(450-680) 639.378 ± 240.503 594(487-774) 0.126*
cond 20.55 ± 8.852 21.4(15.5-25.3) 20.839 ± 6.395 21.382(19.8-23.6) 0.861*
urea 232.432 ± 120.02 219(159-284) 279.289 ± 145.259 255(197-364) 0.101*
calc 2.629 ± 1.884 2.09(1.45-2.66) 5.411 ± 3.311 5.775(4.18-6.96) < 0.001**

*:Independent sample t - test; **:Mann Whitney U - test; SD: Standard Deviation

Figure 1: Graph of ROC analysis results.
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dietary, hormonal, and genetic components [15]. The rising 
prevalence and increasing recurrence rates of kidney stone 
disease worldwide can be attributed to limited effective drug 
options [16]. Kidney stones can affect all ages, genders, and 
races [3,17]. However. the incidence is higher in men aged 
20-49 years than in women [18]. The recurrence rate of 
secondary stone formations is estimated to be 10% - 23% 
per year, 50% in 5-10 years, and 75% in 20 years if patients 
do not perform metaphylaxis [17]. However, although 
the incidence of kidney stones is increasing in women, the 
recurrence rate is higher in men than in women. Therefore, 
prophylactic treatment is very important in the management 
of kidney stone disease [19]. Extensive studies in recent 
years show that the disease is on the rise due to lack of 

physical activity, dietary habits, global warming and lifestyle 
changes, and the disease is on the rise in both developed and 
developing countries [3,20,21].

The economic burden of renal failure, which creates a 
signi icant disease burden with the severe pain it causes in 
patients, is quite large. Considering both the direct and indirect 
costs associated with the disease, annual expenditures for the 
disease are quite high for all countries. Therefore, preventing 
the formation of kidney stone disease or reducing recurrence 
rates is very important for the health sector and patients. In 
this context, various studies that comprehensively analyze 
the risk factors of the disease are needed and it is important 
to address the risk factors associated with the disease more 
comprehensively. Within the scope of this study, in addition 
to examining the individual contributions of some factors 
associated with kidney stones to the disease, how these 
variables will affect kidney stones when taken together 
and their effectiveness in differentiating the disease will be 
examined.

According to the results of statistical analysis, statistically 
signi icant differences were obtained for gravity and calc 
variables for the presence and absence of kidney stones. 
Gravity and calc variables were found to increase in the 
presence of kidney stones. In addition, according to the 
logistic regression analysis using the backward variable 
selection method, gravity, cond, urea, and calc variables were 
found statistically signi icant.

The results of the ROC analysis were performed to 
examine their discrimination in the case of kidney stones for 
the variables calc, urea, gravity, and cond, which were found 
to be signi icant in the logistic regression analysis, were 
obtained as AUCcalc = 0.746. AUCurea = 0.602. AUCgarvity 
= 0.713 and AUCcond = 0.509. An AUC greater than 0.9 

Figure 2: Graph of ROC analysis results for combinations.

Table 3: The results of the logistic regression analysis.

Variables B Wald Sig. Exp(B)
95% CI for EXP(B)
Lower Upper

gravity 469.549 10.498 0.001 8.36 3.70 13.48
cond -0.180 8.754 0.003 0.836 0.742 0.941
urea -0.018 7.863 0.005 0.982 0.969 0.994
calc 0.678 13.210 0.000 1.971 1.367 2.841

Constant -471.759 10.534 0.001 0.000

Table 4: Result of ROC analysis.
Test Result Variable(s) Area Under the Curve (AUC)

cond 0.509
urea 0.602
calc 0.746

gravity 0.713

Table 5: Result of ROC analysis for combinations.
Test Result Variable(s) Area Under the Curve (AUC)

gravity_urea 0.734
gravity_calc 0.746
Urea_calc 0.759

gravity_urea_calc 0.831
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indicates excellent diagnostic yield. An AUC between 0.7 and 
0.9 indicates good diagnostic yield, while an AUC between 0.5 
and 0.7 indicates poor diagnostic yield, and inally, an AUC of 
not more than 0.5 indicates that the marker has no diagnostic 
value. According to the classi ication made for AUC. The cond 
variable cannot distinguish kidney stone status. The other 3 
variables gravity, urea, and calc can differentiate the disease.

As a result of ROC analysis, combinations of variables 
with discriminatory power were taken to examine their 
contributions together. Combination made: gravity and urea; 
gravity and calc; gravity, urea, and calc. When the results of 
the ROC analysis using combinations are examined, it is seen 
that the urea variable, which has the lowest discrimination 
feature in a single ROC analysis, increases its discrimination 
power when considered together with gravity (AUC = 
0.734). Likewise, when analyzed with the calc variable, the 
discrimination power increased (AUC = 0.759). Finally, when 
the 3 variables with discrimination power are considered 
together, it is seen that this combination discriminates the 
target variable, kidney stone, and more (AUC = 0.831).

One study showed that the prevalence of kidney stones 
increased with increasing urine-speci ic gravity [22]. In 
another study, a steadily increasing stone formation was 
also observed with increasing speci ic gravity [23]. In 
one study, it was shown that urea was excessive in kidney 
stone patients with uric acid stones [24]. In a study, it was 
mentioned that the role of electrical conductivity (cond) and 
total dissolved solids in the formation of urinary crystals is 
not well discussed in the literature and these variables were 
examined [25]. Another study aimed to develop an electrical 
conductivity (EC) measurement system from urine samples 
to assess the risk of kidney stone formation [26]. As a result of 
the studies, it was seen that the variables used in the analyses 
were the variables examined in kidney stone formation. The 
results of the present study also support the literature.

Conclusion
In light of the indings obtained in the study, it can be said 

that the variables associated with kidney stones individually 
have limited power to distinguish the disease, and high 
accuracy in diagnosis can be achieved by considering the 
factors associated with the disease together in the diagnosis 
of the disease. In addition, it can be said that the diagnostic 
accuracy to be obtained with only one variable for kidney 
stones may be limited and it is important for the patient to 
evaluate some parameters together for a de initive result 
and to start treatment by obtaining a de initive result in 
terms of the progression of the disease. The high cost of the 
disease can be reduced by avoiding unnecessary treatment in 
patients with a de initive diagnosis.
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