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Abstract. Chronic kidney disease (CKD) is a global health problem with a steadily increasing 

incidence. In West Sumatra, its prevalence is recorded at 0.2%, with the highest proportion occurring in 

individuals aged 45–54 years. Although relatively low, CKD still has a substantial impact on patients' 

quality of life. To date, data on the survival probability of CKD patients at the regional level, particularly 

in the district where this study was conducted, remain limited and require further investigation. This study 

aims to determine the overall survival probability of CKD patients and to examine the factors that influence 

survival, such as age, sex, disease stage, history of diabetes mellitus, hypertension, anaemia, heart disease, 

and smoking. This study employs survival analysis using the Kaplan-Meier method and the log-rank test 

to compare differences between groups. The results show that the overall survival probability of the 140 

patients declined significantly over the four-year observation period. The Kaplan-Meier analysis revealed 

a sharp decline in survival probability within the first 12 days of treatment, with only 20.9% of patients 

remaining alive by day 12. Based on the log-rank test, the factors significantly associated with survival 

were age, history of diabetes mellitus, hypertension, and heart disease. These findings underscore the 

importance of early detection and integrated management of comorbidities in clinical practice, as they may 

help improve survival outcomes and guide healthcare planning for CKD patients in regional settings. 
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1 Introduction 

In the human excretory system, metabolic waste products such as urea, uric acid, creatinine, excess salts, and 

water are filtered from the blood, processed, and excreted through excretory organs, primarily the kidneys. 

The filtration of waste substances takes place in the kidneys, the primary organs of the excretory system. After 

undergoing a series of processes, the waste materials are converted into urine, which is then transported 

through the ureters to the bladder, where it is temporarily stored before being excreted from the body during 

urination [1]. 

Chronic Kidney Disease (CKD) is a condition characterised by a progressive and irreversible decline in kidney 

function due to chronic damage to the renal parenchyma. A person is diagnosed with chronic kidney disease 

(CKD) when kidney damage or dysfunction persists for more than three months [2], characterised by a decline 

in kidney function of approximately 78–85% or a reduction in the Glomerular Filtration Rate (GFR) to less 

than 60 ml/min/1.73 m². This means that the kidneys are filtering less than 60 millilitres of blood per minute, 

adjusted to the standard body surface area of 1.73 square meters. If the GFR continues to decline and falls 

below 15 ml/min/1.73 m², the condition is classified as End-Stage Renal Disease (ESRD), indicating a severe 

impairment of kidney function that significantly affects overall organ function [3].  

CKD has become a global public health issue, marked by a continuous rise in new cases, incidence rates, and 

mortality. The prevalence of chronic kidney disease (CKD), based on WHO data 2018, indicates that CKD is 

a health problem affecting approximately 1 in 10 people worldwide [4]. Additionally, it is estimated that 

between 5 to 10 million deaths occur annually due to this disease, while around 1.7 million deaths per year 

are attributed to acute kidney injury [5]. The World Health Organisation (WHO) projects that the number of 

individuals affected by CKD will increase by 41.4% between 1995 and 2025 [6]. In West Sumatra, the 

prevalence of CKD is recorded at 0.2% of the total population. The highest incidence occurred in the 45-54-

year age group, with a prevalence of 0.79% [7]. In general, CKD is more common in men than in women. In 
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2013, the prevalence in West Sumatra was recorded at 0.3% in men and 0.2% in women. This figure increased 

in 2018 to 0.42% in men and 0.35% in women. Although the prevalence rate appears relatively low, CKD 

remains a critical concern due to its long-term treatment requirements and its substantial impact on patients’ 

quality of life.  

CKD is generally caused by intrinsic kidney diseases that are diffuse and long-lasting. In addition, several 

factors suspected to contribute to the increasing incidence of CKD include smoking habits, the use of 

analgesics and non-steroidal anti-inflammatory drugs, hypertension, and the consumption of energy 

supplement drinks [8]. Kidney failure may also be attributed to factors such as age, sex, and a medical history 

of diseases like diabetes or other metabolic disorders that can lead to decreased kidney function [9]. 

One of the main challenges in managing CKD is the lack of local data on patient survival, particularly at the 

district level. Such information is crucial for estimating the survival probabilities of CKD patients in specific 

regions and analysing the factors that influence them, which can serve as a basis for improving the quality of 

healthcare services. Beyond its scientific contribution, this study is also expected to provide practical value 

for hospitals and health insurance providers. To date, there has been limited research specifically examining 

the survival prospects of CKD patients in areas such as Lima Puluh Kota District. 

In the field of healthcare, one of the most commonly used statistical methods for assessing patient survival is 

survival analysis, where the outcome variable of interest is the time until a specific event occurs. This event 

typically refers to a failure condition or endpoint, such as death or disease recurrence [10]. One approach to 

estimating the survival function, applicable to both censored and uncensored data, is the Kaplan-Meier method 

[11], which was first introduced by Kaplan and Meier in 1958 [11]. To compare survival functions across two 

or more groups, the log-rank test is employed, aiming to determine whether differences in Kaplan-Meier 

curves are statistically significant [10]. The Kaplan-Meier method, also known as the Product-Limit Method, 

is commonly used in the field of health sciences. It is suitable for analysing censored data, requiring relatively 

simple calculations, and is particularly well-suited for small sample sizes. Survival data are typically subject 

to censoring when study subjects are lost to follow-up, withdraw from the study, or have not experienced the 

defined event by the end of the study period [12]. 

Moreover, the Kaplan-Meier method provides a graphical representation of the survival distribution. Ilahi [13] 

reported that the survival probability of patients with kidney failure was 54% based on Kaplan-Meier analysis, 

while Hidayat [14] compared the Kaplan-Meier and Life Table methods and found that the Kaplan-Meier 

method was more accurate, as it accounted for survival time precisely, rather than using interval classes. 

Nevertheless, both studies were limited to methodological aspects without further examining the influence of 

clinical factors and patient characteristics on survival outcomes. This highlights the need for research that not 

only estimates survival probability but also explores the factors that may affect the survival of patients with 

kidney failure. Therefore, this study aims to determine the survival probability of patients with kidney failure 

using the Kaplan-Meier method and to identify the factors that influence their survival. 

2 Research Methods 

The type of data used in this study is secondary data. The data was obtained directly by the researchers from 

the medical records department of Dr Achmad Darwis Regional General Hospital and consists of medical 

records of inpatients admitted between 2021 and 2024. The patients selected were patients who were treated 

between 2021 and 2024 and had a history of diabetes mellitus, heart disease, anaemia, and a history of smoking 

based on previous diagnoses. 

Let T be a positive random variable representing the survival time of each subject, such that the possible values 

for T are 𝑇 ≥ 0. If T is a positive random variable defined on the interval [0, ∞) , then 𝐹(𝑡) denotes the 

cumulative distribution function (CDF) of T, representing the probability that an event occurs at or before time 

t. Based on the definition of cumulative probability, the survival function 𝑆(𝑡) can be expressed as [15]: 

𝑆(𝑡) = 𝑃(𝑇 > 𝑡) 

                                                 = 1 − 𝑃(𝑇 ≤ 𝑡) 

                                                 = 1 − 𝐹(𝑡) 

                                      

 

                                         (1) 

The data analysis technique refers to the steps taken to resolve the research problem. The analysis stages 

conducted in this study are as follows: 
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1) Collecting inpatient medical record data of kidney failure patients at Dr. Achmad Darwis Regional 

Hospital during the period 2021–2024. The event investigated from these data is the condition when a 

kidney failure patient is declared deceased during hospitalisation. 

2) Constructing distribution tables based on clinical and demographic characteristics, as well as distribution 

tables for each factor presumed to influence survival, to describe the survival patterns of patients at each 

observation time point. 

3) Censoring is conducted using Type I censoring. Given 𝑛 objects: 𝑥1, 𝑥2, … , 𝑥𝑛 and an observation 

period of 𝑇 time units, during the observation period 𝑟 survival times will be obtained, denoted as 𝑡1 ≤
𝑡2 ≤ ⋯ ≤ 𝑡𝑟 ≤ 𝑇. The observation ends at time 𝑇 with 𝑛 − 𝑟 data points that do not experience the 

event [16].  

4) Constructing survival tables for all kidney failure patients and for each suspected influencing factor. 

These tables include the time of the event (𝑡𝑗), number of individuals at risk (𝑛𝑗), number of events (𝑑𝑗), 

estimated survival (𝑆̂(𝑡𝑗)) .  

The estimate for surviving up to time t can be written as Equation [16]: 

   

𝑆̂(𝑡) = {

1                                  𝑖𝑓 𝑡 < 𝑡𝑗  

∏ [1 −
𝑑𝑗

𝑛𝑗

]

𝑡𝑗≤𝑡

           𝑖𝑓 𝑡𝑗 ≤ 𝑡  

 

 

(2) 

𝑑𝑗: represents the number of events (failures) at time 𝑡𝑗 

𝑛𝑗: denotes the number of individuals at risk just prior to time 𝑡𝑗. 

To perform inference about 𝑆(𝑡) using the Kaplan-Meier estimator 𝑆̂(𝑡), it is necessary first to calculate 

the standard error or the variance of 𝑆(𝑡). The variance of the Kaplan-Meier estimator 𝑆̂(𝑡) is commonly 

referred to as Greenwood’s formula [16]: 

 

𝑣𝑎𝑟[𝑆̂(𝑡)] = 𝑆̂(𝑡)2 ∑
𝑑𝑗

𝑛𝑗(𝑛𝑗 − 𝑑𝑗)
𝑡𝑗≤𝑡

 (3) 

To obtain the standard error of the Kaplan-Meier survival function estimate, the square root of the 

variance given by Greenwood’s formula is used [16], which is: 

 

𝑆𝑡𝑑. 𝐸𝑟𝑟 (𝑆̂(𝑡)) = √𝑉𝑎𝑟 (𝑆̂(𝑡)) 
      

(4) 

 

5) Plotting Kaplan-Meier survival curves for all kidney failure patients, as well as by factors suspected to 

affect survival. 

6) Performing log-rank tests to compare survival curves across different groups for each suspected 

influencing factor, using R software. The log-rank test is a statistical method used to compare two or 

more survival functions and to determine whether the Kaplan-Meier survival curves for two or more 

groups are statistically equivalent [10]. 

The hypotheses used in the log-rank test are as follows: 

𝐻0: There is no difference in survival curves between the groups. 

𝐻1: There is a difference in survival curves between the groups. 

The test used in this log-rank test is the Chi-Square test [16]: 

 

𝑋2
𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 = ∑

(𝑂𝑖 − 𝐸𝑖)

𝐸𝑖

𝐺

𝑖=1

2

 

 

 

(5) 

𝑂𝑖: the observed number of events (failures) in each group. 

𝐸𝑖: the expected number of events (failures) in each group. 
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To calculate 𝐸𝑖, let 𝑚𝑖𝑗 represent the number of failure events at time 𝑡𝑗, and 𝑛𝑖𝑗 denote the number of 

patients still at risk in group i just before time 𝑡𝑗. Thus, the calculation is as follows: 

0𝑖 − 𝐸𝑖 = ∑(𝑚𝑖𝑗 − 𝑒𝑖𝑗)

ℎ

𝑗=1

 

 

    

(6) 

With 

𝑒𝑖𝑗 = (
𝑛𝑖𝑗

∑ 𝑛𝑖𝑗
𝐺
𝑖=1

) (∑ 𝑚𝑖𝑗

𝐺

𝑖=1
) 

 

(7) 

Where: 

 

𝐺     : the number of groups 

0𝑖      : the observed number of failures in group i 

𝐸𝑖      : the expected number of failures in group i 

𝑚𝑖𝑗  : the number of subjects who died in group i at time 𝑡(𝑗) 

𝑛𝑖𝑗  : the number of subjects at risk of death in group i at time 𝑡(𝑗) 

𝑒𝐼𝑗   : the expected number of failures in group i at time 𝑡(𝑗) 

 

The decision rule is to reject 𝐻0 for group i if 𝜒(𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑)
2 > 𝜒(𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙)

2   or if the p-value < 𝛼 = 0,05. In 

this study, the rejection of 𝐻0 is based on the p-value. If the p-value is less than 𝛼 (0.05), then 𝐻0 is 

rejected, indicating that the observed data provide sufficient evidence to conclude that the survival curves 

differ significantly from what is stated under 𝐻0 

7) Concluding. 

3 Results and Discussion 

3.1 Data Description 

The data analysed in this study consist of records of kidney failure patients who were hospitalised at Dr 

Achmad Darwis Regional General Hospital and discharged either alive or deceased.  

 
Table 1. Characteristics of Patients with Kidney Failure 

Symbol Category Description 

Status 

Total Alive 

(0) 

Deceased 

(1) 

𝑋1 Age 
0 = ≤ 40 years 12 0 12 

1 = > 40 years 82 46 128 

𝑋2 Sex 
0 = Male 50 22 72 

1 = Female 44 24 68 

𝑋3 Stage 
0 = Early stage (1, 2, and 3) 2 1 3 

1 = Advanced stage (4,5, and 9) 92 45 147 

𝑋4 
Diabetes 

Mellitus 

0 = No history 63 20 83 

1 = With history 31 26 57 

𝑋5 Hypertension 
0 = No history 20 2 22 

1 = With history 74 44 118 

𝑋6 Anemia 
0 = No history 40 23 63 

1 = With history 54 23 77 

𝑋7 Heart Disease 
0 = No history 36 6 42 

1 = With history 58 40 98 

𝑋8 Smoking 
0 =  Non Smoker 67 24 91 

1 = Smoker 27 22 49 

Patients who died were coded as 1, while those who were still alive at the end of the study period or who 

discontinued or transferred treatment during the study were considered censored data and coded as 0. The 
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study utilised data collected from 2021 to 2024, comprising a total of 140 patients, of whom 46 were reported 

deceased. 

3.2 Data Analysis 

3.2.1 Overall Kaplan-Meier Survival Curve and Log-Rank Test 

Descriptive analysis using the Kaplan-Meier survival curve is employed to provide an overview of the general 

survival patterns of patients with kidney failure. After grouping the data at each observation time point, a 

distribution table of the number of surviving and deceased patients was obtained as follows. 

 
Table 2. Overall Patient Distribution Table 

𝒕𝒋 𝒏𝒋 𝒅𝒋 Censored Data 

0 140 4 4 

1 132 10 7 

2 115 9 10 

3 96 9 13 

4 74 3 20 

5 51 3 18 

6 30 4 7 

7 19 1 8 

8 10 1 3 

9 6 1 3 

12 2 1 0 

13 1 0 1 

 

Before describing the Kaplan-Meier survival curve, the probability of survival of renal failure patients for four 

years was first calculated. At 𝑡13, it is not necessary to calculate the survival estimate because no patients 

experienced an event or are called censored data. 

 
Table 3. Kaplan-Meier Survival Estimates for Kidney Failure Patients 

𝒕𝒋 𝒏𝒋 𝒅𝒋 𝑺̂(𝒕𝒋) Standard Error Lower Bound Upper Bound 

0 140 4 0.971 0.0141 0.9442 0.999 

1 132 10 0.898 0.0259 0.8485 0.950 

2 115 9 0.828 0.0328 0.7657 0.894 

3 96 9 0.750 0.0386 0.6780 0.830 

4 74 3 0.720 0.0408 0.6439 0.804 

5 51 3 0.677 0.0451 0.5943 0.772 

6 30 4 0.587 0.0574 0.4845 0.711 

7 19 1 0.556 0.0622 0.4467 0.692 

8 10 1 0.500 0.0769 0.3703 0.676 

9 6 1 0.417 0.0995 0.2613 0.666 

12 2 1 0.209 0.1556 0.0483 0.900 

 

Based on the results shown in Table 3, the estimated survival probability at time t = 12 is Ŝ(12) = 0.209. 

indicating that only 20.9% of kidney failure patients are expected to survive up to day 12. This estimate is 

calculated with a 95% confidence interval. Ranging from a lower bound of 0.0483 to an upper bound of 0.900. 

The total Kaplan-Meier survival curve for individuals with kidney failure is shown in Fig 1. During the first 

12 days, a noticeable drop in the survival curve is observed.  indicating a crucial time frame with a high risk 
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of death right after starting treatment.  The existence of severe comorbidities may be the cause of this sharp 

decline—limited access to prompt and appropriate therapy, or late-stage disease at diagnosis.  To improve 

short-term survival outcomes and gain a better understanding of the underlying causes of early mortality, 

further research on these aspects is necessary. 

 
Fig 1. Survival Curve of Patients with Kidney Failure 

3.2.2 Kaplan-Meier Survival Curves by Factors and Log-Rank Test 

Several factors are thought to affect the survival of patients with kidney failure, such as age, gender, disease 

stage, and medical histories including diabetes mellitus, hypertension, anaemia, heart disease, and smoking. 

The Kaplan–Meier analysis revealed significant variations in patient survival across several of these variables. 

1. Age 

Patients under the age of 40 had a higher and more stable survival probability throughout the observation 

period compared to those aged 40 and above. At month 12, the survival probability for patients aged ≥ 40  

years was only 18.2% (95% CI: 0.047–0.813). The log-rank test indicated a statistically significant difference 

between the two age groups (𝜒2 = 5.3. 𝑑𝑓 = 1. 𝑝 − 𝑣𝑎𝑙𝑢𝑒 = 0.02).  

 

a 
b 

c 
d 

Fig 2. Kaplan-Meier survival curves stratified by (a) age. (b) history of diabetes mellitus. (c) history of hypertension. and 

(d) history of heart disease. 

2. History of Diabetes Mellitus 

Patients without a history of diabetes had better survival outcomes (40.4% at month 9; 95% CI: 0.197–0.828) 

compared to those with a history of diabetes. All of whom had died before the end of the first month. The log-

rank test showed a significant difference (𝜒2 = 7.4. 𝑑𝑓 = 1. 𝑝 − 𝑣𝑎𝑙𝑢𝑒 = 0.01). 
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3. History of Hypertension 

Patients without a history of hypertension had a higher survival probability (69.2% at month 6; 95% CI: 0.385–

1.000) than those with a history of hypertension (19.7% at month 12; 95% CI: 0.0454–0.857). The log-rank 

test revealed a significant difference (𝜒2 = 4.3. 𝑑𝑓 = 1. 𝑝 − 𝑣𝑎𝑙𝑢𝑒 = 0.04). 

4. History of Heart Disease 

Patients without a history of heart disease had a higher survival probability (74.7% at month 6; 95% CI: 0.573–

0.974) compared to those with a history of heart disease (16.7% at month 12; 95% CI: 0.0369–0.754). The 

log-rank test indicated a significant difference (𝜒2 = 7.6. 𝑑𝑓 = 1. 𝑝 − 𝑣𝑎𝑙𝑢𝑒 = 0.01). 

4 Conclusion 

Based on the Kaplan-Meier analysis using R software, the overall survival probability of patients with kidney 

failure at Dr. Achmad Darwis Hospital from 2021 to 2024 showed a significant decline throughout the 

observation period. However, the proportion of patients discharged alive (67.1%) was higher than that of those 

who died (32.9%). the Kaplan-Meier analysis revealed that the survival probability was very low. with a sharp 

decrease observed within the first 12 days of hospitalisation. leaving only 20.9% survival by day 12. This 

finding indicates the initial phase of hospitalisation. particularly the first two weeks. represents a critical period 

that significantly determines the survival outcomes of patients with kidney failure. The Kaplan-Meier survival 

analysis and log-rank test identified several significant factors influencing the survival of kidney failure 

patients, including age ≥ 40 years, and medical histories of diabetes mellitus. hypertension. and heart disease. 

The non-significance of sex. disease stage. history of anaemia. and smoking history in influencing the survival 

of kidney failure patients in this study is likely attributable to the limited sample size. the unequal distribution 

of factors. and the dominant effects of other stronger clinical variables. 

This study emphasises the importance of hospitals in strengthening early screening and integrated care for 

high-risk patients with kidney failure, as well as for health insurers to adjust their financing policies and utilise 

survival data for long-term planning, thereby improving outcomes and ensuring budget sustainability. Future 

studies are advised to apply multivariate regression methods. such as Cox regression, to better quantify the 

effect of each factor on survival. Including additional variables (e.g, nutritional status, dialysis adherence, 

social support, and lifestyle) and expanding the sample size. observation period. and study sites would improve 

the comprehensiveness. external validity. and generalizability of the findings. 
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