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 Background: Information regarding the prognosis and burden of diseases can be used by 
policymakers to determine competing health priorities. We aimed to assess the Relative Survival 
Rate (RSR) and loss of expectation of life (LEL) to evaluate the prognosis and burden of diseases 
in Hemodialysis (HD) patients. 

Study design: A retrospective cohort study. 

Methods: We recruited 648 HD patients referred to three referral centers in Kerman City, Iran, from 
2008 to 2019. RSR, was defined as the ratio of the observed and the expected survival rates of 
general population for persons of the same age and sex as patients in the current study. LEL was 
determined as the difference between corresponding life expectancies (LE). The extended Cox 
proportional hazard model was used to identify variables associated with the outcome.  

Results: Variables associated with outcome were diabetic status and age. In the 5th year of the 
follow-up study, the overall RSR was 0.57. In general, for HD patients, the estimation of LE and 
LEL was 22.6 and 12.36 year, respectively.  

Conclusion: HD patients, especially older patients, showed a very poor prognosis, with a large 
amount of lost life expectancy. Therefore, they need more care and attention from health 
authorities. It is suggested to estimate the cost of eliminating the risk factors causing kidney 
diseases. 
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Introduction

nd-stage renal disease (ESRD) is the worst stage of 

chronic kidney disease (CKD). A person with ESRD 

will need to have treatment to replace a damaged 

kidney to stay alive. Renal replacement therapy (RRT) 

includes hemodialysis (HD), peritoneal dialysis (PD), and 

kidney transplantation 1, 2. ESRD causes disturbance in life 

(perhaps even more than any other chronic illnesses) mainly 

due to severe metabolic and cardiovascular complications 3. 

The growth of ESRD is a worldwide challenge 4. In Iran, the 

annual number of patients with ESRD increased by 130% 

between 2000 and 2006 5, 6. Based on the data available in the 

2018 annual report accessible on the US Renal Data System, 

the crude incidence rate of treated ESRD and the prevalence 

of treated ESRD were 81 per million probabilities/year and 

654 per million population, respectively, in Iran 7. Using 1995-

2013 statistics, the overall trend of survival probabilities in 

ESRD patients has slightly decreased in Iran 8. About half of 

the patients with ESRD in Iran are treated with hemodialysis2.  

Survival statistics (e.g., Cause-specific survival and overall 

survival) as well as loss of expectation of life (LEL) were used 

to provide information regarding the prognosis and burden of 

diseases. This information can be used by policymakers to 

determine competing health priorities 9. 

Cause-specific (or net) survival represents the survival 

associated with a specific cause. The main limitation of this 

method is that it relies on reliable causes of mortality. ESRD 

rarely is considered a cause of death; rather, it commonly is 

considered as a factor that enhances the effect of other causes, 

such as infections and heart diseases.  

On the other hand, the RS method compares the overall 

survival of the patients with that of the general population. It 
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matches the two populations by key variables such as age and 

sex. In the RS method, the overall survival rate of patients (i.e. 

when all deaths are considered events) is compared with the 

expected survival rate (in the absence of that specified 

disease)9-11. In conditions where estimating the cause-specific 

survival is not possible, the relative survival (RS), which 

requires no further information regarding the cause of death, is 

a preferable method 9, 10.  

Another useful statistic to compare survival experience of 

patients with that of the general population is LEL, defined as 

the difference between life expectancy (LE) of patients and 

expected value in general population 12, 13. Both expected 

survival rate and anticipated LE can usually be obtained from 

national or regional life tables 9-11. 

In our extensive search, we could not find any information 

regarding the RSR and LEL of Iranian ESRD patients. We 

aimed to determine the variables associated with survival of 

ESRD patients, and to provide an estimate of their RSR and 

LEL statistics. 

Methods 

In this retrospective study, we enrolled 801 HD patients 

from Mar 2008 to Jan 2019 in Kerman City, the capital of the 

largest province located in the southeastern part of Iran. 

Kerman is the 9th most populated province of Iran and covers 

more than 11% of its land 14. Since Kerman is close to the 

country average, in terms of healthcare and human 

development indicators, it can be considered as a sample 

representing the entire country 15-17. 

Data were extracted from the patients’ records at three 

referent hemodialysis centers. The exclusion criteria were as 

follows: (1) individuals less than 18 yr;) 2) individuals who 

died in the first three months after dialysis treatment starts; and 

)3) patients with incomplete information on age, sex, and 

starting date of dialysis.  

The main outcome of this study was death. For cases who 

died, the follow-up time was defined as the difference between 

date hemodialysis started and death date. For censored cases, 

difference between starting hemodialysis date and last 

observation date was calculated (i.e. Jan 6th, 2019). The 

independent variables were main causes of ESRD, sex, blood 

group, diabetic status, and age at the beginning of 

hemodialysis.  

In terms of age, patients were categorized into six groups: 

18-34 yr: 35-44 yr: 45–54 yr: 55-64 yr: and ≥65 yr. The 

primary cause of ESRD was determined by ICD-10-CM 

diagnosis codes. As diabetes is a significant matter that affects 

the survival rate of HD patients, patients were placed into two 

groups of diabetics and non-diabetics from the very beginning 

of their hemodialysis.  

A Cox Proportional Hazard (PH) model was developed to 

investigate the association between independent variables and 

the outcome. PH assumption was checked using interaction 

with time terms to the model and Shoenfeld residuals. In the 

case that data did not satisfy the PH assumption, results of the 

extended Cox model were reported.  

To calculate the RSR, patients were matched with general 

population in terms of age, gender, and year of diagnosis. The 

relative survival rate (RSR) was calculated as the overall (or 

all-cause) survival rate of HD patients (shown by S(t)), divided 

by the expected survival rate (𝑠ℎ𝑜𝑤𝑛 𝑏𝑦 𝑆∗(𝑡)): 

𝑅𝑆𝑅(𝑡) =
𝑆(𝑡)

𝑆∗(𝑡)
          (1) 

We obtained 𝑆(𝑡) using Kaplan-Meier method. 𝑆∗(𝑡) was 

estimated using Hakulinen method18 . 

The difference between RSR(t) and S(t) showed the 

fraction of the death rate due to other causes than 

hemodialysis19.  

LE over (0, t) period was calculated as t- mean survival 

time. The mean survival time was calculated as the area under 

the K-M survival curve. LEL was calculated as the difference 

between expected life expectancy of general population (𝐿𝐸∗) 

and that of patients (LE)20: 

 𝐿𝐸𝐿 = 𝐿𝐸∗ − 𝐿𝐸       (2) 

Applying Hakama and Hakulinen method18, 20, 𝑆∗(𝑡) and 

𝐿𝐸∗ were obtained by linking HD patients by sex, age, and year 

to the Kerman province (2008–2019) life tables. Adopting the 

methodology provided by the World Human Mortality 

Database, life table of general population has been prepared by 

the first author of this manuscript. 

This method requires two types of data including mortality 

and general population statistics gathered from two sources: 

the death registry of Health Deputy of Kerman University of 

Medical Sciences, and the census data of the Statistical Centre 

of Iran, respectively. 

All analyses were performed in the R Software, Release 

3.5.3, by using survival and survMisc packages. 

Results 

Of the 801 patients, 153 cases were excluded as they did 

not meet the inclusion criteria, and the sample analysis was set 

at 648 cases. During the study, 54 (8.3%) patients received a 

renal transplant. 

We classified patients based on their cause of ESRD. 

About 80% of patients had a history of either diabetes or 

hypertension: Diabetes and hypertension (30.7%), diabetes 

alone (27.2%), and hypertension alone (23%). 

The mean age at the start of hemodialysis treatment was 

58.29 ±15.011 (58.7m±15.3 for males and 57.6 ±14.6 for 

females) (Table 1).  

Patients were mostly male (61%) and the most frequent age 

group was 55-64 yr (Table 2). The blood group of 20 patients 

was not registered in hospital records. The most prevalent 

blood group was O (36.6%) followed by A (28.5%). Only 

8.4% of patients had AB blood group (Table 2). 

Total person-year at risk was 1775. During the study 

period, 234 patients died (36.1 %) which gave a crude 

mortality rate of 13.18 deaths/100 patient-years (95% CI: 

12.02, 15.55). 

By comparing the survival rate of ESDR patients with that 

of the general population, patients experienced poor survival 

rates (Figure 1). The percentage point difference between the 

survival rate of the general population and that of the patients 

at 1th and 5th years was 16% (0.98 vs. 0.82) and 41.4% (0.95 

vs. 0.54), respectively (Table 1). Only 3% of deaths (57% 

minus 54%) that occurred during the first 5 years of 
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hemodialysis were due to causes other than hemodialysis. 

Stratifying the analysis by age, corresponding figures for those 

aged between 18 to 35 and those aged more than 65 were 0.3% 

and 4.8% respectively (Table 1). 

Figure 2 suggests that in all age groups, patients had poorer 

survival than their counterparts in the general population. 

Moreover, the older the age, the worsen RS. 

Table 1: Relative survival rate, Life expectancy, and loss in expectation of life for patients who began hemodialysis between March 2008 and January 2019 in 
Kerman City, Iran 

Variables 

Age (yr) 

mean ±SD 

5-year relative 

survival rate (95% CI) Deaths a 

Mean of life expectancy 

Expectation of life lost 

for hemodialysis patients 

General 

population 

Hemodialysis 

patients (95% CI) 

Age (yr)       

18-35  28.4 ±4.4 0.76 (0.58, 0.93) 0.3 61.1 45.87 (36.6, 55.1) 15.26 

36-45 41.2 ±2.8 0.69 (0.47, 0.92) 0.5 50.2 35.58 (25.4, 45.8) 14.63 

46-55 51.1 ±2.7 0.63 (0.48, 0.78) 1.0 40.2 25.78 (19.9, 31.7) 14.38 

56-65 60.4 ±2.8 0.59 (0.48, 0.72) 2.1 32.0 20.05 (16.8, 23.3) 11.98 

≥66    73 ±6.0 0.45 (0.33, 0.57) 4.8 23.2 12.20 (10.6, 15.5) 11.01 

Sex       

Female 57.6 ±14.6 0.54 (0.43, 0.65) 2.2 35.2 19.61 (16.4, 22.8) 15.56 

Male 58.7 ±15.3 0.58 (0.50, 0.66) 3.0 34.8 21.29 (18.9, 23.7) 13.47 

Diabetes status       

Diabetics 62.1 ±11.3 0.53 (0.44, 0.62) 2.9 31.6 18.66 (16.0, 21.3) 12.95 

Non-diabetics 53.0 ±17.7 0.61 (0.52, 0.70) 2.4 39.5 27.68 (24.2, 31.2) 11.79 

Total 58.3 ±15.0 0.57 (0.50, 0.63) 2.7 34.9 22.56 (20.4, 24.7) 12.36 
a Percentage of deaths from causes other than those associated with or due to hemodialysis at 5th year of follow up; 5-year RSR minus 5-year survival rates 

Table 2: Baseline characteristics of patient, result of Kaplan Meier analysis, and estimation of model parameters Cox extended with g (t) = t in patients who 
began hemodialysis between March 2008 to January 2019 in Kerman City, Iran 

Variables n (%) 

Mean (Median) 

survival time a 

5-year 

survival rates 

P value for 

Proportional Hazard 

assumption Test 

Hazard Ratio 

(95% CI) P value 

Total 648 (100) 6.4 (6) 0.54 0.171   

Sex       

Male 395 (61.0) 6.6(6) 0.55 - 1.00  
Female 253 (39.0) 5.8 (5) 0.52 0.080 1.09 (0.83, 1.43) 0.557 

Age group (yr)       

18-34 69 (10.6) 6.5 (-) 0.76 - 1.00  
35-44 56 (8.6)  6.5 (-) 0.69 0.278 1.23 (0.53, 2.85) 0.627 

45-54 104 (16.0)    6 (-) 0.62 0.581 1.75 (0.86, 3.57) 0.123 

55-64 192 (29.6) 5.7 (6) 0.57 0.549 2.16 (1.12, 4.18) 0.021 
≥65 227 (35.2) 4.4 (4) 0.40 0.425 3.24 (1.71, 6.17) 0.001 

Diabetes status       

Non-diabetics 273 (42.1) 7.03 (-) 0.59 - 1.00  
Diabetics 375 (57.9) 5.74 (5) 0.50 0.027 0.6 (0.38, 0.95) 0.029 

Diabetes status×t - - - - 1.3 (1.08, 1.54) 0.005 

Blood group a       
O 230 (36.6) 6.3 (6) 0.52 - 1.00  

A 179 (28.5) 7.2 (-) 0.57 0.380 0.89 (0.62, 1.27) 0.524 

B 166 (26.4) 6.0 (5) 0.43 0.788 1.33 (0.95, 1.85) 0.094 
AB 53 (8.4) 5.1 (4) 0.34 0.534 1.36 (0.85, 2.16) 0.195 

a Median for subgroups whose survival rate was no less than 0.5, it is impossible to calculate the median survival time.

 
Figure 1: Survival rate curve observed in ESRD patients on hemodialysis 
versus the survival rate curve of the general population 

 
Figure 2: Relative survival rate by age category 
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The LE and LEL for patients were 22.56 and 12.36 yr, 

respectively. Subgroup analysis revealed that LEL in the 

youngest and oldest age groups was 15.26 and 11 yr, 

respectively (Table 1, Figure 3). As demonstrated in Table 2, 

LEL for females was greater than that of males (13.5 vs. 15.6 

years). Moreover, LEL for diabetics and non-diabetics were 

12.9 and 11.8 yr, respectively.  

 
Figure 3: Comparison of LE in HD patients and their respective reference 

populations by age groups 

The median survival time was 6 years. Moreover, 5-yr KM 

survival rate was 54.0% (55% in males and 52% in females). 

As the participants’ age increased, the 5-year survival rate 

decreased. The percentage point difference, in terms of 5-year 

KM survival, between blood groups A and AB was as high as 

0.23 (0.57 versus 0.34). The corresponding figure between 

diabetic and non-diabetic patients was 0.09 (0.50 versus 0.59) 

(Table 2).  

The only variable that does not satisfy the PH assumption 

was the diabetic status (Table 2, P=0.030). The Kaplan–Meier 

curves (not shown in the results) showed that the survival rate 

of diabetics and non-diabetic patients were more or less the 

same in the first five years of hemodialysis. However, after the 

5th year, non-diabetic patients had a higher survival rate. To 

assess the impact of this variable on the outcome, an 

interaction term between diabetes status and time was added 

in the multifactorial Cox model. 

Relative to those aged 34 yr or less, individuals whose age 

was between 55 and 64 were about two times more likely to 

die (Table 2). Blood groups and sex were not significantly 

associated with the outcome. Although the hazard of death for 

diabetic patients was 40% less than non-diabetic cases at the 

beginning of the study, the hazard rate of death in diabetics 

relative to non-diabetics increased to 2.13 in the 5th year (95% 

CI: 1.07, 3.57). 

Discussion 

Our results provide important results from policy-making 

and clinical perspective. At the end of the fifth year of 

hemodialysis, the patients' survival rate was less than what was 

expected for the general population by 43.4%. The estimation 

of LEL revealed that 12 life-years could be gained from 

successful prevention of causes of ESRD. The highest burden 

of disease has been observed in females and young patients. 

Patient with diabetes and patients who are over 65 yr old had 

the highest risk of death and the worst prognosis of ESRD. 

Our data demonstrated that the survival rate during the first 

five years was 53.89%. Based on previous studies carried out 

in various areas of Iran, the 5-year survival rate of dialysis 

patients was calculated at 18.4% in the northern part of Iran, 

16% in the western, and 48.6% in the southern 21-23. In another 

study, the five-year survival rate for ESRD patients in the 

USA, Japan, and Europe is reported to be 41%, 60%, and, 

48%, respectively 2. The observed differences between the 

survival rates of ESRD patients in several areas might be due 

to differences in age distribution of patients and access to 

health facilities.  

The use of arteriovenous fistula in the USA was lower than 

in Europe and Japan. Furthermore, the survival of dialysis 

patients in Japan substantially was higher than other parts of 

the world. They justified that’s findings by fewer number of 

transplant recipients and lower background general population 

mortality rates in Japan 2. 

The overall mortality rate in our study was 13.18 per 100 

person-years. This rate is less than that of the Italian Dialysis 

and Transplantation Registry (IDTR) patients (15.68 per 100 

person-years) whose median age was 70 24. Diversity in 

population age structure might justify part of the observed 

differences. Patients who participated in IDTR study were 

older than our sample, and this may partially justify the 

differences.  

As RSR adjusts the survival estimations for important 

potential confounders like age and sex, it is possible to 

compare the prognosis of patients in different countries with 

different population structures. The 5-yr RSR for the cases in 

our study and the IDTR patients was 56.56% and 55.6%, 

respectively 24, indicating that the prognosis of patients is 

similar in both societies.  

One of the main results of the present study was the reverse 

association between age and RSR. An increase in age was 

associated with decrease in RSR. This finding is in line with 

other studies 24-29. It suggests that the prognosis of many 

diseases is worse in older patients than in younger patients. 

In line with another study 24, RSR in the fifth year was a 

little higher in males than in females. According to the life 

tables proposed by the authors of this manuscript, one reason 

may perhaps be that the survival rate in the general population 

of Kerman was higher in females than in males. 

According to the calculated percent of deaths from other 

causes at 5th year of follow up, deaths due to causes other than 

ESRD were much more frequent in males than in females. A 

possible explanation for this finding might be that male 

patients on hemodialysis have a higher prevalence of co-

morbidities and other chronic diseases than female patients. 

This study indicates that a HD patient could be alive for 

about 22.6 yr with hemodialysis therapy and lose 12.36 yr of 

LE on average. This finding is similar to the study conducted 

in Taiwan 30. Another study on American adults who received 

RRT, stated that “LEL decreased from 23.6 yr in 1977 to 19.7 

yr in 2007” 31. 
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In our study, the higher the age of the patient the less the 

LEL. This result may reflect that the burden of disease of 

ESRD in younger patients is more than that in older patients. 

This trend has also been observed in numerous cancer cases 

and other diseases 32-34. Increase in age was associated with 

decrease in RSR but decrease in LEL. The same pattern has 

been reported for cancer patients 11, 35, 36. Although seemingly 

paradoxical, this finding is explained by the higher LE in the 

younger general population relative to the older general 

population. In other words, since young patients have more 

years to lose than old patients, LEL in young patients is greater 

than that in elderlies.  

Similar to other studies, our results showed that female 

patients lose more years than male patients 24, 31, 32. Even 

though the LE for females is more than that of males in the 

general population, the LE for female HD patients is less than 

that of male HD patients. This is an example of reverse 

epidemiology that may be found in dialysis patients. 

In this study, the estimation of the LEL for diabetic HD 

patients was 13 years. Since diabetics’ life table in the general 

population was not available, it was not possible to determine 

how many years of LEL was due to diabetes and how many 

years of LEL was due to hemodialysis. According to the 

findings of previous studies, individuals who have diabetes 

live an average of 6-8 years less than others 37-39; thus, it may 

be inferred that among the diabetic HD patients in the current 

study, 5 to 7 years of the estimated LEL is due to hemodialysis. 

Although the LE for diabetic patients was 9 yr less than the 

non- diabetic patients, the LEL for diabetics was just one year 

more than that of non-diabetics. The reason is that the diabetics 

were older than the non-diabetics at the beginning of 

hemodialysis; therefore, diabetics have fewer years to lose 

than non-diabetics (anticipated LE was 31.6 yr in diabetics vs. 

39.5 yr in non-diabetics). 

According to the result of the multifactorial Cox 

proportional-hazard model, diabetes status and age variables 

were important predictors of mortality, as previous studies 

have shown 23, 30, 40.  

By using the Kaplan-Meier curves and Cox model, we 

demonstrated that the survival rate of patients with diabetes 

had significant differences after the fifth year of hemodialysis 

compared to patients without diabetes. Beladi Mousavi et al. 

analyzed the survival of 185 adult HD patients in Ahvaz, Iran. 

They found that the survival rates of diabetic patients were 

significantly less than that of non-diabetic patients in the third 

and fifth years of follow up period 23.  

Although Kerman is a city whose healthcare and 

developmental indicators are quite close to the average of that 

of Iran 15-17, generalizability of the results to the whole country 

should be with caution. Moreover, we have information of a 

limited number of independent variables. Therefore, 

information on major independent variables such as 

socioeconomic status and healthy behaviors on survival 

remains to be addressed. 

Despite these limitations, this study presented beneficial 

information on patients’ prognosis and the burden of disease 

through RSR and LEL. To our knowledge, this is the first in 

Iran to measure the prognosis of HD patients by determining 

its relationship to the background survival rate of the general 

population.  

Conclusion  

HD patients, especially older patients, showed a very poor 

prognosis, with a large amount of lost life expectancy. 

Therefore, they need more care and attention from health 

authorities. It is suggested to estimate the cost of eliminating 

the risk factors causing kidney diseases. Additionally, the 

attempt to estimate the cost of eliminating the risk factors 

causing kidney diseases would be a valuable effort. 
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Highlights 

 The Hemodialysis patients' survival rate was less than 

what was expected for the general population by 

43.4%. 

 The life expectancy of Hemodialysis patients was 

averagely 12 yr less than that of the general population. 

 In Hemodialysis patients, the highest lost life 

expectancy belonged to females and youth. 

 In Hemodialysis patients, patients with diabetes and 

patients over 65 yr of age had the poorest prognosis. 
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