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Abstract - Kidney failure is a critical condition that requires intensive monitoring of the patient's survival. This study aims to
analyze the survival of kidney failure patients using a survival analysis approach with Nelson-Aalen cumulative hazard function
estimation and the Log-Rank Test. The data used consisted of 106 patients with kidney failure who underwent hospitalization for
35 days, with characteristic variables including disease severity (chronic or acute), sex, and age group (<50 years or > 50 years).
The results of Nelson-Aalen's estimation showed that patients with acute conditions, male, and > age 50 years had a visually higher
risk of death. However, the results of the Log-Rank test showed that there was no significant difference in survival function between
the three categories (p-value > 0.05). These findings suggest that although there are visual indications of a difference in risk,
statistically, these clinical characteristics have not had a significant effect on patient survival in the observation period. This study
suggests the need for further studies with data and a broader duration of observations to gain a deeper understanding.

Keywords: survival analysis, kidney failure, Nelson-Aalen, Log-Rank Test.

1. Introduction

Kidney failure is a condition in which the kidneys lose their ability to optimally filter metabolic waste, thus having a serious
impact on the patient's health and quality of life [1]. People with kidney failure, particularly chronic kidney failure (CKD), generally
require long-term therapy such as hemodialysis or kidney transplantation to maintain survival. GGK is one of the serious global
health problems, progressive and irreversible [2]. Based on the report of the World Health Organization (WHO), GGK accounts for
around 850,000 deaths annually and ranks 12th as a cause of death and 17th as a cause of disability globally [3].

In Indonesia, the number of cases of kidney failure shows an increasing trend from year to year. Data from various hospitals
show that the number of patients undergoing hemodialysis as a kidney replacement therapy continues to increase every year,
reflecting the high burden of this disease [4]. The main risk factors for kidney failure include hypertension and diabetes mellitus,
which significantly increase the likelihood of permanent kidney damage. In addition, various other factors such as old age, gender,
smoking habits, the use of analgesic drugs and NSAIDs, and the consumption of energy supplement drinks also accelerate the
deterioration of kidney function [5].

Seeing the increasing number of cases and the complexity of the risk factors, a deeper understanding of patient survival is
becoming increasingly important. In this case, an analytical approach is needed that not only describes the event but is also able to
evaluate the patient's risk and survival. One relevant statistical approach is survival analysis, which allows the measurement of a
patient's survival time as well as the identification of factors that affect it. Thus, this information can be used to improve the
effectiveness of clinical management as well as more targeted health program planning.

Analysis Survival: It is a statistical approach that is commonly used to evaluate the time until an event occurs, such as death or
medical failure [6]. This method has the advantage of accommodating censored data (censored data), namely patient data that has
not experienced an event until the end of the observation period, so that survival estimates become more accurate [7]. One of the
methods used in the analysis of Survival is a Nelson-Aalen estimator, which serves to estimate the Hazard non-parametric cumulative
and describes the accumulation of event risk over time [8]. In addition, statistical tests such as the Log-Rank Test are used to compare
survival functions between groups of patients with different characteristics.
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Previous research has applied a lot of survival analysis to study survival in a medical context. Research [4] analyzed data on
patients with chronic kidney failure (CKD) undergoing hemodialysis at Dr. Soetomo Surabaya Hospital, and found that age, history
of hypertension, and diabetes mellitus significantly affected the difference in survival between patient categories. Research [9] Using
the Kaplan-Meier and Log-Rank test to analyze the effects of treatment D-penicillamine on patient survival in Primary Biliary
Cirrhosis (PBC), and found that differences between treatment groups could be identified significantly. Furthermore, the research
[10] compares the Estimators Kaplan-Meier and Nelson-Aalen on credit data, and shows that although the survival curve is similar,
the Nelson-Aalen estimator generates value Hazard slightly higher cumulative. Then, the research [8] applies the Nelson-Aalen and
Weighted Log-Rank Test to assess the survival of Type II Diabetes Mellitus patients, as well as to find that gender and dietary
patterns have a significant effect on the patients' chances of survival. In addition, the research [11] applies the Kaplan-Meier and
tests the Log-Rank to analyze the survival of school-age residents who drop out of school based on socioeconomic characteristics in
rural and urban areas of Central Java. This study shows that the Kaplan-Meier effective for describing differences in survival between
groups with different characteristic variables such as gender, parental education, and social assistance.

Based on research [4] and studies [8] that apply the Nelson-Aalen in estimating the cumulative hazard function, and are
supported by information on the risk factors of [5]. The authors were interested in conducting a similar analysis on the data of kidney
failure patients to see patterns in the risk of death over time. In addition, referring to studies [9] and [11] that utilize the Log-Rank
Test in comparing survival functions between groups, the author also wants to test the difference in risk between categories on each
factor, namely the severity of the disease, gender, and age group. Thus, this study is expected to provide a more comprehensive
picture of the variation in risk patterns based on the clinical characteristics of patients.

2. Research Methods
2.1. Data Description

This study uses data Survival of 106 patients with kidney failure who underwent hospitalization during the 35-day observation
period. The data used are secondary data obtained from scientific publications [12]. Each observation recorded the patient's treatment
time (in days), the patient's status (censored or dead), and patient characteristics, which included disease severity (chronic or acute),
gender (male or female), and age group (< 50 years or > 50 years). The details of the data can be seen in Table 1 below:

Table 1. Survival Data of Kidney Failure Patients Based on Time, Status, and Patient Characteristics
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Information:

ti : The time when an event or sensor occurs (in units of days).I

ni : Number at risk right ahead of time.ti

Status: Indicates whether the patient has a death event (  Event) or is still alive at the time of observation
end (sensor).

Severity: The patient's disease condition, categorized as chronic or acute.

Gender: Categorized as L (male) and P (female).

Age: Classified into < 50 years and > 50 years.

2.2. Research Methods

This study uses a survival analysis approach to study the time to death in kidney failure patients. The methods used include
estimation of the cumulative hazard function using the Nelson-Aalen method, estimation of the survival function, and the Log-Rank
Test to compare survival curves between groups of patients based on certain characteristics. The stages of data analysis in this study
are carried out as follows:
1. Describe the cumulative hazard curve using the Nelson-Aalen method based on the category of each variable.
2. Describe the survival curve of kidney failure patients based on characteristic categories.
3. Testing the differences in survival curves between groups using the Log-Rank Test.
4. Interpret the results descriptively according to the research objectives.

2.2.1. Survival Function

Random variable that declares the time of Survival. An object is usually denoted by and functions T Survival is noted with. This
function indicates the probability that the object will still survive over time. Thus, the S(¢t)tt > 0Survival S(t) can be defined as
[13]:

S)=P(T>t)=1—-P(T<t)=1-F(t) (1)

If it is a random variable of an individual's lifetime in intervals, then its probability density function T [0, 0),(probability density
function) is denoted with and its cumulative distribution function is f(¢)F (t)[14]. The probability density function expresses the
chances of failure (death) of an individual in a time interval and is formulated as:(¢, t + At)

f(t) _ Alitr_r}o P(tST:tHM) (2)
The cumulative distribution function, which is the probability that an individual fails before or at the time, is defined as

F(o)t[14]:

F() =P(T <t) = [ f(x)dx (3)
where:
F(t)  :Cumulative distribution function at time ¢,
f(x)  : Probability density function at the time,x
S(t) : Function Survival.

2.2.2. Hazard Function
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Function Hazard: 1t is defined as the rate of failure at the time, provided that the individual still survives until that time. This
function expresses the probability of occurrence in time intervals per unit of time, assuming the individual lasts until time.
Mathematically, the t(t, t + At)tHazard stated as [15]:

PE<T<t+At|T >t

h® = lim = 4)
The relationship between the Survival and the functions Hazard is [13]:
S(t) = exp[-H(?)] ®)

2.2.3. Nelson-Aalen Estimation

This method is also sometimes referred to as the empirical cumulative Hazard function, but more commonly known as the
Nelson-Aalen (NA) estimator. The Nelson-Aalen method is used to estimate the Hazard cumulatively non-parametrically. Estimator
Nelson-Aalen to Hazard cumulative at the time it is formulated as t[8]:

—~ d;
IOEDIFE ©)
where:
H(t) :Estimation Hazard cumulative at the time,t
d; : Number of events at the time,t;
n; : The number of individuals who are still at risk at the time ¢;[16].

The survival function can be estimated from the following:H (t)
S(w) = e HW) (7)

2.2.4. Log-Rank Test
The Log-Rank Test is used to compare the survival curves of two or more groups, with the aim of finding out if there is a
significant difference between the curves. The hypotheses used in the Log-Rank Test are as follows:
H,: There is no difference in survival function between groups.
H;: There is at least one group that has different survival functions.

The test statistics used in the Log-Rank Test are divided into two, namely for two groups and for more than two groups. The test

statistics for the two-group Log-Rank Test are as follows:
(01-E)*

2= ®)
Var (01—E1)
For more than two groups, the test statistic Log-Rank can be calculated using [17]:
(0i-Ep®
X=Xl )
v
with:
G : Number of groups compared,
0; : The number of events observed in the group,i
E; : The expected number of events in the first group.i.

The Log-Rank Test generates a test statistical value that follows the chi-squared distribution. x?with a degree of freedom. The
statistical value of the test is used to calculate G — 1the p-value. Decision-making was carried out by comparing the p-value with
the significance level of a = 0.05. If the p-value < 0.05, it is rejected, which means that there is a significant difference between H,,
the survival functions. Conversely, if the p-value > 0.05, then it fails to be rejected.H,

3. Analysis
3.1 Cumulative Hazard Curve

Figure 1 presents the cumulative hazard function curve based on the Nelson-Aalen estimate, which shows differences in
mortality risk patterns according to three factors, namely disease severity, sex, and age group.
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Figure 1. Cumulative Hazard Function Curve Using the Nelson-Aalen Method Based on Factors: (a) Disease Severity, (b) Gender, and (c) Age Group.

Based on Figure 1a, the cumulative sazard function curve in patients with acute conditions showed a faster and steeper increase
in the risk of death compared to patients with chronic conditions, which showed a slower upward pattern and tended to be stable in
later periods. This indicates that patients with acute conditions have a higher chance of dying in a shorter period of time, while
patients with chronic conditions face a relatively lower risk. This difference in pattern confirms that the severity of the patient's
condition greatly affects the risk of death during the observation period.

Furthermore, Figure 1b shows the difference in mortality risk patterns between male and female patients. The curve of male
patients showed a sharper increase in the risk of mortality, especially after the 9th time, compared to female patients, who had a
slower and more stable pattern of increase. This means that gender also influences the level of risk of death during the observation
period, with male patients having a higher risk.

Then, Figure 1c¢ shows the cumulative hazard function curve based on the age factor. The age group > 50 years experienced a
faster and more consistent increase in the risk of death, with a steeper curve throughout the observation period. In contrast, the < age
group of 50 years showed a relatively flat and stable curve, especially after the 11th time, which signaled a lower risk of death in the
younger age group. Thus, age is also an important factor in influencing the level of risk of death in kidney failure patients during the
observation period.

3.2 Survival Function Estimation Curve
Figure 2 presents an estimate of the survival function based on the Nelson-Aalen approach for the same three factors. This
curve represents the patient's survival probability during the observation period.
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Figure 2. Nelson-Aalen Survival Function Estimation Curve Based on Factors: (a) Disease Severity, (b) Sex, and (c) Age Group

Figure 2a shows that patients with chronic conditions have a higher probability of survival compared to acute patients. The
curve for acute patients appears to decline more sharply since the beginning of observation, indicating a higher risk of death in a
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shorter period of time. In contrast, patients with chronic conditions showed a more stable survival function curve and were close to
1 throughout the observation period. This indicates that the severity of the disease has a great influence on the patient's chances of
survival.

Figure 2b shows the difference in the survival function by sex. The curve of male patients decreased more sharply, indicating a
higher risk of death compared to female patients, whose curves appeared to be more sloping and stable. Thus, gender also influences
survival rates, where female patients have a higher chance of survival during the observation period.

Figure 2c illustrates the difference in survival by age group. Patients < 50 years of age showed a relatively high and stable
survival curve, with a slight decrease over the observation time. In contrast, patients > 50 years of age experienced a faster decline
in survival function, reflecting a higher risk of death. This suggests that older age is associated with a decreased probability of
survival of kidney failure.

3.3 Log-Rank Test
The Log-Rank fest was conducted to find out if there were significant differences in survival function between categories in
each factor, namely disease severity, sex, and age group. The test results are presented in Table 2.

Table 2. Log-Rank Test Results for Each Variable

Variable Log-Rank Df P-Value Sig. Conclusion

Severity Factors 0 1 1 0,05 Failed to Decline H,
Gender Factors 0,2 1 0,6 0,05 Failed to Decline H,
Age Factor 0 1 0,7 0,05 Failed to Decline H,

Because all p-values were greater than the significance level of 0.05, there were no significant differences in survival function
between categories in severity, sex, or age factors. Thus, these three factors did not have a significant effect on the risk of death
during the observation period of patients with kidney failure.

4 Discussion

Based on research [4] and study [8] applying the Nelson-Aalen method, the authors estimated the cumulative hazard function
to see the pattern of mortality risk in kidney failure patients based on disease severity, sex, and age group. The results of the
cumulative hazard curve show that there is a difference in the pattern of increasing risk between categories. Patients with acute
conditions have a faster increased risk of death than patients with chronic conditions. In addition, male patients and the 50-year-old
age group also showed a steeper >hazard curve, indicating a higher risk in a shorter period of time.

Nevertheless, the results Log-Rank Test that is done based on [9] and [11] to test the difference in survival function between
groups, there was no significant difference in the three factors analyzed. The entire p-value at the Log-Rank Test is greater than the
significance level of 0.05, so it fails to be rejected. This means that there is no statistically significant difference in the probability
of survival based on disease severity, sex, or age group. H,

Nevertheless, these results are in line with the findings in the study [12] that uses the same data but applies an approach Kaplan-
Meier, where no significant differences in survival probability were found based on disease severity, sex, or age group. These
similarities in results suggest that although there are visual differences in risk patterns, statistically, these clinical characteristics have
not shown a significant influence on the survival function of patients with renal failure in the observed period analyzed.

S Conclusion

Analysis using the Nelson-Aalen method showed a difference in the pattern of mortality risk and survival chance in kidney
failure patients based on disease severity, sex, and age. Visually, patients with acute, male, and > age 50 years appeared to have a
higher risk of death during the observation period. In contrast, patients with chronic conditions, women, and 50-year-olds showed
better survival tendencies.<

However, these differences cannot be statistically ascertained through the Log-Rank Test. These findings emphasize the
importance of further analysis with larger sample sizes or additional approaches so that the influence of each factor on the survival
function can be more convincingly understood.
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