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Predictors of Survival and Clinical Outcomes in 
Hemodialysis Patients: A 9-Year Multicenter Cohort Study
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Introduction. Cardiovascular and non-cardiovascular mortality 
rates among hemodialysis patients continue to be high despite 
advances in dialysis therapy.
Materials and Methods. This prospective cohort study enrolled 
185 adult patients with end-stage kidney disease (ESKD) on 
maintenance hemodialysis (HD) from three hemodialysis facilities 
(Shariati hospital, Shohadaye Hafte-Tir hospital and Sevome-Sha’ban 
hospital ) in September 2012. Causes of death and HD exit were 
tracked over a follow-up period of 103 months (8.5 years). The Cox 
proportional hazards model was employed to predict mortality 
after adjusting for case-mix and laboratory data variables.
Results. The mean age of the patients was 57 ± 15.2 years, with 
a mean dialysis vintage of 39 ± 45 months. The cohort comprised 
52.5% males and 48% diabetic patients. In the univariate analysis, 
mortality rate was higher among women (81% vs. 63%), diabetics 
(89% vs. 55%), and those with higher body mass index, older age, 
and lower serum creatinine, albumin, and intact PTH levels. A 
total of 132 patients (71%) died, with a mortality rate of 19 per 
100 patient-years. The leading causes of death were cardiovascular 
diseases (47%) and infections (32.5%). Kidney transplantation was 
performed in 25 patients (14%), including 7 women and 18 men. 
The median survival was 4.1 years (95% CI: 3.3-5.0). The survival 
rates at one, two, three, five, and nine years were 83%, 64%, 56%, 
39%, and 19%, respectively.
Conclusion. Older age, poor nutritional biomarkers, diabetes 
mellitus, and catheter vascular access are the primary factors 
contributing to poor long-term prognosis in hemodialysis patients.
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INTRODUCTION
Although uremia-related deaths can be effectively 

prevented with maintenance dialysis, survival rates 
among individuals with end-stage kidney disease 
(ESKD) persist extremely low. Patients undergoing 
hemodialysis (HD) are at much higher risk of 
mortality than individuals who are not on HD, and 
this risk is even greater when compared to those 

with cancer, diabetes mellitus, or cardiovascular 
disease. Nonetheless, there has been a noted 
improvement in mortality rates among ESKD 
patients over time.1 

Cardiovascular disease accounts for about half 
of all mortality among dialysis patients. While 
cardiovascular-related deaths have declined 
in the general population, this trend has not 
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been significant among dialysis patients.2 This 
discrepancy can be partly explained by the 
individual characteristics, advanced age, substantial 
burden of other comorbidity such as diabetes, 
hypertension, pre-existing cardiac problems.3 
Infections represent the second most common 
cause of death, frequently related to vascular access 
complications as well as other infectious sources.3,4 
It is estimated that dialysis withdrawal accounts 
for approximately 15–25% of patient mortality.4,5

The primary objective of this study was to 
determine the rate and predictors of mortality 
among hemodialysis patients across three facilities, 
throughout a prospective follow-up period of 103 
months.

MATERIALS AND METHODS
In this prospective cohort study, 185 adult 

patients with end-stage kidney disease (ESKD) on 
maintenance hemodialysis were enrolled during 
September 2012 from three hemodialysis facilities 
(Shariati hospital, Shohadaye Hafte-Tir hospital, 
Sevome-Sha’ban hospital ) in Tehran and followed 
for 103 months, until March 2021 to determine 
the causes of death and HD withdrawal. Enrolled 
patients were adults (≥18 years) on outpatient 
HD for more than three months. Comprehensive 
demographic, clinical, and laboratory data were 
collected using a detailed data collection form. 
The recorded information included age, gender, 
causes of ESKD, weight, height, body mass index 
(BMI), characteristics of HD treatment, single-
pool Kt/V, and laboratory results (both pre- and 
post-dialysis serum blood urea nitrogen [BUN], 
creatinine, potassium, calcium, phosphorus, iPTH, 
albumin, ferritin and hemoglobin,). Additional 
data on access-related queries, history of kidney 
transplantation, history of cardiovascular and 
ischemic heart diseases was also collected. For 
every participant, at least three previous laboratory 
measurements were documented, and their mean 
values were applied in the analysis. 

Data were retrieved from organizational forms 
and medical records by trained medical students 
in collaboration with dialysis unit staff. Recorded 
outcomes during follow-up included the cause 
and date of hemodialysis discontinuation, whether 
due to recovery of kidney function or transfer 
to peritoneal dialysis, kidney transplantation, or 
death. The study was approved by relevant review 

boards and ethics committees. 
Informed written consent was obtained from 

all patients. The ethical number was IR.TUMS.
MEDICINE.REC.1400.1123.

Demographic characteristics and laboratory data 
were summarized using percentages of the total, 
means ± standard deviations, or medians with 
interquartile ranges, as appropriate. The mean 
values from the last two to three laboratory tests for 
each patient were used in the analyses. Categorical 
variables were compared using Chi-square or 
Fisher’s exact tests, while continuous variables 
were compared using t-tests or Mann-Whitney 
U tests, as applicable. Cox proportional hazard 
models were utilized to determine the hazard ratio 
(HR) associated with death, adjusting for relevant 
covariates. The follow-up period for each participant 
was from the start of dialysis until the event (death) 
or censoring (recovery, transplantation, peritoneal 
dialysis, or last visit), whichever occurred first. 
Survival time was measured as the time from start 
of dialysis until death from any cause or last date 
of follow-up alive.

Unadjusted  and progress ive ly  ad justed 
multivariable models were employed to investigate 
the relationships between case-mix variables (age 
and sex), bone mineral data (phosphorus and intact 
PTH), nutritional biomarkers (serum albumin, 
creatinine, hemoglobin, and body mass index), 
diabetes mellitus, and vascular access. A P-value of 
less than .05 was considered statistically significant.

RESULTS
Total patients

The mean age of the patients was 57 ± 15.2 
years (Table 1), and 97 patients (52.5%) were male. 
Diabetes mellitus was the leading cause of ESKD, 
affecting 48% of patients. Other causes included 
glomerular diseases (17.5%), urological issues 
(8.5%), autosomal dominant polycystic kidney 
disease (3.5%), and hereditary conditions (2%). 
Additionally, high blood pressure and unidentified 
causes contributed to 20.5% of the cases. A total of 
73% had an AV-fistula, 8% had an AV-graft, and 
19% had a catheter inserted.

Sex pattern
Women constituted 47.5% of the patients (88 

patients) (Table 2), and their mortality rate was 
significantly higher than men (81% vs. 63%, 
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P = .009). The mean survival time for men was 55 
months (95% CI: 47–63), whereas for women, it 
was 46 months (95% CI: 38–54). The relative risk 
of death for females compared to males was 1.28 
(95% CI: 1.07-1.54). Female patients were older 
(60.5 ± 15.1 vs. 54.7 ± 14.9 years, P = .01) and had 
lower serum albumin (3.78 ± 0.33 vs. 3.91 ± 0.34 g/
dL, P = .012) and serum creatinine levels (7.3 ± 1.6 
vs. 8.7 ± 2.9 mg/dL, P < .001) than male patients. 
Additionally, women had significantly higher serum 

calcium levels and lower serum intact PTH levels 
(P = .005 and P = .038, respectively). There was no 
significant difference in the prevalence of diabetes 
mellitus between the sexes. However, compared 
to male patients, the proportion of female patients 
who received kidney transplants was significantly 
lower. (8% vs. 18.5%, P = .05).

Diabetic patients
Out of 185 patients, 89 (48%) had diabetes 

Characteristics Total patients
(N = 185)

Survived
(N = 53)

Died 
(N = 132) P

Sex (%) (female) 88 (47.5%) 17 of 53 (32%) 71 of 132 (54%) .009
Age (year) 57 ± 15.2 46.0 ± 15.0 62.0 ± 13.0 < .001
Body mass index (kg/m2) 24.2 ± 4.6 23.1 ± 4.1 24.7 ± 4.8 .026
Hemodialysis vintage (month) 39 ± 45 43 ± 53 37 ± 41 NS
Serum albumin (g/dL) 3.84 ± 0.34 3.95 ± 0.31 3.80 ± 0.34 .008
Serum hemoglobin (g/dL) 10.8 ± 1.7 10.4 ± 1.7 11.0 ± 1.7 .07
Serum creatinine (mg/dL) 8.1 ± 2.4 9.2 ± 3.0 7.6 ± 2.1 .001
Pre-dialysis BUN (mg/dL) 57.3 ± 13.1 58.8 ± 13.5 56.8 ± 13.0 NS
Single-pool Kt/V 1.30 ± 0.17 1.30 ± 0.16 1.29 ± 0.17 NS
Serum potassium (meq/L) 5.2 ± 0.6 5.2 ± 0.7 5.3 ± 0.5 NS
Serum calcium (mg/dL) 8.8 ± 0.8 8.8 ± 0.9 8.9 ± 0.8 NS
Serum phosphorus (mg/dL) 5.6 ± 1.4 5.8 ± 1.5 5.5 ± 1.3 .14
Serum iPTH (pg/mL) 364 ± 314 458 ± 325 325 ± 302 .001
Serum ferritin (ng/mL) 479 ± 256 468 ± 283 483 ± 246 NS
Diabetes (yes)% 89 (48%) 10 of 53 (19%) 79 of 132 (60%) < .001
Hemodialysis vascular access

AV-Fistula 135 (73%) 43 (81%) 92 (70%)
NSAV-Graft 15 (8%) 3 (6%) 12 (9%)

Catheter 35 (19%) 7 (13%) 28 (21%)

Table1. Survival rate and comparison of demographic, clinical, and laboratory data for all patients, survived and died hemodialysis 
patients

Characteristics Female 
(n = 88)

Male 
(n = 97) P

Age (year) 60.5 ± 15.1 54.7 ± 14.9 .01
Body mass index (kg/m2) 24.9 ± 5.2 23.7 ± 3.9 .062
Hemodialysis vintage (month) 40 ± 50 36 ± 41 NS
Serum albumin (g/dL) 3.78 ± 0.33 3.91 ± 0.34 .012
Serum hemoglobin (g/dL) 10.8 ± 1.7 10.8 ± 1.8 NS
Serum creatinine (mg/dL) 7.3 ± 1.6 8.7 ± 2.9 < .001
Single-pool Kt/V 1.33 ± 0.17 1.27 ± 0.16 .014
Serum potassium (meq/L) 5.3 ± 0.6 5.1 ± 0.6 .066
Serum calcium (mg/dL) 9.1 ± 0.8 8.7 ± 0.8 .005
Serum phosphorus (mg/dL) 5.6 ± 1.4 5.5 ± 1.3 NS
Serum iPTH (pg/mL) 321 ± 283 403 ± 335 .038
Serum ferritin (ng/mL) 510 ± 264 451 ± 248 .171
Cuffed-catheter (yes) 15 (17.5%) 16 (17%) NS
Diabetes (yes) 43 (49%) 46 (47.5%) NS
Kidney transplantation (yes) 7 (8%) 18 (18.5%) .05
Death (yes) 71 (81%) 61 (63%) .009

Table 2. Comparison of different variables in 185 hemodialysis patients in different sex
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mellitus. In the univariate analysis (Table 3), 
diabetic patients were significantly older than 
non-diabetic patients (62.5 ± 10.3 vs. 52.8 ± 17.5 
years), had a shorter duration of dialysis (26 ± 28 
vs. 49 ± 55 months), and a higher BMI (25.6 ± 4.9 vs. 
23.1 ± 4.1). Diabetic patients also exhibited lower 
serum creatinine levels (7.5 ± 2.1 vs. 8.5 ± 2.6 mg/
dL), single-pool Kt/V (1.27 ± 0.16 vs. 1.32 ± 0.17), 
and intact PTH levels (278 ± 187 vs. 445 ± 382 
pg/mL). Kidney transplantation was performed 
in 5.6% of diabetic patients compared to 21% of 
non-diabetic patients (P = .003). Mortality was 
significantly higher among diabetic patients (89% 
vs. 55%; P < .001). The mean survival time for 
diabetic patients was 41 months (95% CI: 35-47) 
compared to 61 months (95% CI: 53-69) for non-
diabetic patients. The relative risk of death for 
diabetic patients compared to non-diabetic patients 
was 1.60 (95% CI: 1.32-1.95).

Patient outcome
By the end of the 8.5-year follow-up period, 12.5% 

of patients (23 patients) remained on dialysis, 71% 
(132 patients) had passed away, 14% (25 patients) 
had undergone kidney transplantation, 2% (4 
patients) had shifted to peritoneal dialysis, and 
1 patient had achieved renal function recovery.

During the follow-up duration of 672 patient-
years, there were a total of 132 deaths (71%), yielding 
a mortality rate of 19 per 100 patient-years. The 
primary causes of death included cardiovascular 

disorders (47%), infections (32.5%), complications 
from fractures (6%), low BMI (4%), and malignancies 
(1.5%); other causes accounted for 9% of mortality. 
Cardiovascular mortality indirectly influenced 
the mortality of at least an additional 37% of the 
individuals. One death was attributed to COVID-19. 
It is notable that COVID-19 was first reported in 
Iran in March 2020, and our study continued until 
April 2021 for the latest follow-up.

Non-survivors were significantly more likely to 
have diabetes mellitus (60% vs. 19%, P < .001) and 
were more likely female (54% vs. 32%, P = .009). 
They were also older (62.0 ± 13.0 vs. 46.0 ± 15.0 
years, P < .001) and had lower levels of serum 
albumin (3.80 ± 0.34 g/dL vs. 3.95 ± 0.31 g/dL, 
P = .008), serum creatinine (7.6 ± 2.1 mg/dL vs. 
9.2 ± 3.0 mg/dL, P = .001), and intact parathyroid 
hormone (intact PTH) (325 ± 302 pg/mL vs. 
458 ± 325 pg/mL, P = .001) (Table 1).

The mean and median time of survival rate were 
4.3 years (95% CI: 3.8-4.8) and 4.1 years (95% CI: 
3.3-5.0), respectively. The one-year survival rate 
was 83% (95% CI: 80%-86%), the two-year survival 
rate was 64% (95% CI: 60%-68%), the three-year 
survival rate was 56% (95% CI: 52%-60%), the five-
year survival rate was 39% (95% CI: 35%-43%), 
the seven-year survival rate was 24% (95% CI: 
20%-28%), and the nine-year survival rate was19% 
(95% CI: 16%-22%).

In univariate analysis, age, diabetes mellitus, 
serum albumin, type of access (double-lumen 

Characteristics Diabetics
(n = 89) Non-diabetics (n = 96) P

Sex (female) 43 of 89 (48%) 45 of 96 (47%) NS
Age (year) 62.5 ± 10.3 52.8 ± 17.5 < .001
Body mass index (kg/m2) 25.6 ± 4.9 23.1 ± 4.1 < .001
Hemodialysis vintage (month) 26 ± 28 49 ± 55 .008
Serum albumin (g/dL) 3.81 ± 0.33 3.88 ± 0.35 .19
Serum hemoglobin (g/dL) 10.9 ± 1.6 10.7 ± 1.8 NS
Serum creatinine (mg/dL) 7.5 ± 2.1 8.5 ± 2.6 .004
Pre-dialysis BUN (mg/dL) 57.3 ± 13.1 57.4 ± 13.3 NS
Single-pool Kt/V 1.27 ± 0.16 1.32 ± 0.17 .01
Serum potassium (meq/L) 5.3 ± 0.5 5.2 ± 0.6 NS
Serum calcium (mg/dL) 8.8 ± 0.7 8.9 ± 0.9 NS
Serum phosphorus (mg/dL) 5.4 ± 1.4 5.7 ± 1.3 .16
Serum iPTH (pg/mL) 278 ± 187 445 ± 382 .025
Serum ferritin (ng/mL) 428 ± 226 526 ± 274 .011
Cuffed-catheter (yes) 14 (16%) 17 (18%) NS
Kidney transplantation (yes) 5 (5.6%) 20 (21%) .003
Death (yes) 79 (89%) 53 (55%) < .001

Table 3. Comparison of different variables in 185 hemodialysis patients based on diabetes status
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cuffed catheter vs arteriovenous fistula), female 
sex, BMI, hemoglobin, serum creatinine, and intact 
parathyroid hormone (i PTH) levels significantly 
affected mortality.

Cox proportional hazards regression analysis 
was utilized to identify predictors of mortality. In 
the incremental multivariable model analysis, age 
(HR: 1.019; 95% CI: 1.003-1.036, P = .023), diabetes 
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Figure 1. Kaplan-Meier survival in women versus men.
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Figure 2. Kaplan-Meier survival in diabetic versus non-diabetic patients.
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mellitus (HR: 2.22; 95% CI: 1.45-3.39, P < .001), 
serum albumin level (HR: 0.379; 95% CI: 0.195-
0.735, P = .004), and double-lumen cuffed catheter 
access (HR: 1.73; 95% CI: 1.07-2.79, P = .026) were 
independent predictors of mortality. There was a 
trend towards higher mortality in women (HR: 
1.35; 95% CI: 0.95-1.96, P = .095). Kaplan-Meier 
survival curves based on sex and diabetes mellitus 
are depicted in Figures 1 and 2, respectively.

DISCUSSION
Despite advancements in the management 

of dialysis patients, ensuring patient survival 
continues to be a major concern. Nevertheless, 
recent declines in mortality rates indicate beneficial 
effects of improvements in dialysis therapy. This 
study aims to provide comprehensive evaluation 
of long-term hemodialysis outcomes within our 
patient population.

In the present study, the mortality rate was 19 
per 100 patient-years. Mortality rates among dialysis 
patients vary significantly across different countries. 
This discrepancy may arise from differences in 
underlying comorbidities such as diabetes mellitus 
and cardiovascular diseases, as well as age, types 
of vascular access, and psychosocial factors, which 
are important prognostic indicators.5

In our research, the survival rates at one, two, 
three, five, seven, and nine years were 83%, 64%, 
56%, 39%, 24%, and 19%, respectively. The leading 
causes of death were cardiovascular disorders 
(47%) and infections (32.5%). Complications due 
to fractures, cachexia, and malignancies accounted 
for 6%, 4%, and 1.5% of mortality, respectively. 
These results are in concordance with data reported 
in regional and international studies. A single-
center Iranian study, reported survival rates of 
88%, 56%, and 16% at 1, 4, and 10 years of follow-
up, respectively.6 Similarly, a 10-year follow-up 
study in Japan found a mortality rate of 49.5% 
in hemodialysis patients, due to cardiovascular 
disorders (36.1%), infectious diseases (25.8%), 
and malignant neoplasms (13.5%).7 Additionally, 
a single-center study in India reported a mortality 
rate of 19.8% over two-years.8 Another multicenter 
Iranian study, with a 28-month follow-up period, 
showed a mortality rate of 30%, representing 17 
deaths per 100 patient-years.9

In the current investigation, diabetes mellitus 
emerged as the predominant cause of end-stage 

kidney disease (48%). Mortality rates were 
significantly higher among diabetic patients 
compared to non-diabetic individuals (89% versus 
55%; P < .001), with diabetes was identified 
as an independent predictor of mortality (HR: 
2.22). The mortality rate remains highest among 
hemodialysis (HD) patients with diabetes mellitus. 
The diminished survival primarily correlates with 
a higher prevalence of cardiovascular disorders 
in this patient group.10-12 The 2022 USRDS report 
described that around 60% of dialysis patients had 
diabetes.13 The five-year survival rate for patients on 
hemodialysis varies depending on the underlying 
kidney disease and it is lowest in patients with 
diabetic nephropathy. Five-year survival rate for 
patients with diabetic nephropathy, reported to 
be as low as 20%.2,14 

In this study, the mean age of the patients was 
57 ± 15.2 years, with advanced age identified as 
an independent predictor of mortality (HR: 1.019). 
It was shown that survival rate decreases as age 
increases, for instance, patients younger than 45 
years have the best survival outcomes.2,14-16 Survival 
rates among patients on hemodialysis have been 
significantly lower in the United States compared 
to Europe and Japan.15-19 Comorbid conditions, 
including diabetes mellitus, cardiovascular diseases, 
and psychiatric disorders, are more prevalent in 
the United States, resulting in reduced survival 
rates among dialysis patients.17,19 

This study revealed that serum albumin is an 
independent predictor of mortality (HR: 0.379). 
Nutritional status is an important determinant of 
medical risk and mortality, especially among those 
with undernourished and hypoalbuminemia.20 
Studies have consistently demonstrated that 
individuals with malnutrition and low body 
mass index (BMI), are associated with increased 
mortality.21-23 These patients frequently present 
with hypoalbuminemia and lower-than-expected 
blood urea nitrogen (BUN) and creatinine levels 
relative to their dialysis intensity. A plasma albumin 
concentration below 4 g/dL is the laboratory finding 
most strongly correlated with an elevated risk 
of mortality. There is a dose-dependent increase 
in risk; when the plasma albumin concentration 
is in the range of 3.5 to 3.9 g/dL and the risk 
substantially escalates when albumin levels fall 
in the range of 3.0 to 3.4 g/dL.21 This underscores 
the importance of addressing malnutrition and 



Survival & Outcomes in Hemodialysis Over 9 Years— Soleymanian et al

219Iranian Journal of Kidney Diseases | Volume 19 | Number 4 | July 2025

monitoring plasma albumin levels in dialysis 
patients to improve their overall well-being and 
reduce the risk of mortality. Hypoalbuminemia in 
dialysis patients attributed to malnutrition, can also 
be a marker of chronic inflammation. Therefore, 
untreated underlying inflammatory process may 
contribute to the decreased survival among chronic 
hemodialysis patients with hypoalbuminemia.24,25 

In our research, women constituted 47.5% of 
the patient population, and their mortality rate 
significantly higher than men (81% vs. 63%, P = .009) 
according to univariate analysis. The relative risk of 
death for females compared to males was 1.28 (95% 
CI: 1.07-1.54). However, in multivariate adjusted 
analysis, the mortality difference between females 
and males diminished, as females were generally 
older and had lower serum albumin levels, despite 
a trend for elevated mortality among women. Our 
results differ from the prevailing trend observed 
in most studies, which suggest equal or higher 
mortality rates in men.26,27

We demonstrated that type of vascular access is 
as an independent predictor of mortality (HR: 1.73). 
Consistent evidence indicates that hemodialysis 
catheters are associated with higher complication 
rates and lower survival outcomes compared to 
arteriovenous fistula (AVF).28,29 In a study by 
Soleymanian et al., catheter-related infections 
either isolated or compounded by underlying 
cardiovascular disease accounted for 2% and 10.5% 
of all mortality cases, respectively.30 Moreover, 
catheter infections alone were responsible for 
approximately 10% of hospital admissions. Survival 
advantage of AVFs is largely attributed to their 
lower risk of infection and thrombosis. Other 
advantages of AVF include greater longevity, 
improved blood flow, and reduced healthcare 
costs.29-31 

In this study, the distribution of vascular access 
type of AV fistula, AV graft, and catheter was 
73%, 8%, and 19%, respectively. According to 
the guidelines set by the United States Kidney 
Disease Outcomes Quality Initiative (K/DOQI), 
chronic hemodialysis access catheters should be 
limited to less than 10 percent of prevalent patients 
without contraindications for permanent AV access. 
Additionally, AV fistulas should be utilized in 
over 65 percent of prevalent patients.31

While we did not observe any independent 
effect of mineral alteration on mortality in our 

study, numerous reports have underscored an 
elevated risk of both all-cause and cardiovascular 
mortality in patients with mineral metabolism 
disorders.32-34 The association with decreased 
survival is primarily related to elevated phosphate 
levels. The relationship between mineral metabolism 
parameters and mortality can be complex and 
multifactorial. Danese et al. recently published a 
study demonstrating that the presence of at least two 
out of three bone markers outside the target range 
can pinpoint patients at an elevated risk for adverse 
clinical outcomes.35 In a recent study, Streja et al., 
demonstrated that maintaining balance in serum 
phosphorus and iPTH levels improves outcomes 
in patients undergoing HD.36 A multicenter study 
in Iran found a significant association between 
increased serum levels of intact PTH (≥ 600 pg/
mL), phosphorus (≥ 6 mg/dL), and calcium (≥ 10 
mg/dL) and mortality.37

Notably, consistent with findings from previous 
studies,38,39 we observed no adjusted survival 
benefit associated with higher hemoglobin levels 
or increased Kt/V. A retrospective study of 
hemodialysis patients demonstrated that each 
1 g/dL increase in hemoglobin variability was 
associated with a 33% increase in mortality.40 Several 
observational studies support the hypothesis that 
more intensive dialysis improves survival. One of 
them is a national sample survey in the United 
States, reported a 7% reduction in mortality for 
every 0.1-unit increase in Kt/V.41 Although no 
statistically significant benefit was observed a 
Kt/V above 1.3, there was a trend toward greater 
benefit with higher dialysis levels.

Fracture-related complications accounted for 
6% of the mortality in our cohort. Patients with 
ESKD are at an increased risk of bone fractures, 
and hospitalizations due to fractures are associated 
with a relatively high one-year mortality rate.42-44 
For example, dialysis patients who experience 
hip fracture have approximately twice the risk of 
death compared to those without such fractures.44

CONCLUSION
In conclusion, optimizing of modifiable clinical 

targets such as serum albumin concentration, 
mineral metabolism, dialysis adequacy, hemoglobin 
levels and preferential use of arteriovenous 
fistulas as vascular access can enhance survival 
outcomes and overall quality of life in dialysis 
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patients. Furthermore, effective management of 
cardiovascular disease, diabetes mellitus, and 
infections remains essential and improve survival 
and outcome in dialysis patients.

Strengths and limitations of the study
Our study had several limitations, including its 

observational design and lack of assessment for 
residual kidney function. Another limitation is the 
absence of time-dependent analyses for certain 
variables, as some variables may change over 
the course of follow-up. However, we partially 
addressed this by using the average of at least two 
or three laboratory measurements at study entry. 
Additionally, the potential influence of unmeasured 
confounding factors can not be excluded.

Ethical consideration
The study was approved by relevant review 

boards and ethics committees in Tehran University 
of Medical Sciences. Informed written consent was 
obtained from all patients. The ethical number was 
IR.TUMS.MEDICINE.REC.1400.1123.

FUNDING
This research did not receive any specific grant 

from funding agencies or university in the public, 
commercial or not for profit sectors.

Acknowledgment: This research was Dr. Atefeh 
Yousefi᾿ s fellowship thesis. The authors appreciate 
managers of Tehran university of medical sciences 
for their cooperation.

REFERENCE
1.	Saran R, Robinson B, Abbott KC, et al. US Renal Data 

System 2018 Annual Data Report: Epidemiology of Kidney 
Disease in the United States. Am J Kidney Dis. 2019 
Mar;73(3 Suppl 1):A7-A8. 

2.	Collins AJ, Foley RN, Herzog C, et al. Excerpts from the 
US Renal Data System 2009 Annual Data Report. Am J 
Kidney Dis. 2010 Jan;55(1 Suppl 1): S1-420, A6-7. 

3.	O’Seaghdha CM, Foley RN. Septicemia, access, 
cardiovascular disease, and death in dialysis patients. 
Perit Dial Int. 2005 Nov-Dec;25(6):534-40. 

4.	Cohen LM, McCue JD, Germain M, Kjellstrand CM. 
Dialysis discontinuation. A ‘good’ death? Arch Intern Med. 
1995 Jan 9;155(1):42-7.

5.	Goodkin DA, Young EW, Kurokawa K, Prütz KG, Levin 
NW. Mortality among hemodialysis patients in Europe, 
Japan, and the United States: case-mix effects. Am J 
Kidney Dis. 2004 Nov;44(5 Suppl 2):16-21. 

6.	Hashemi S, Vahedi M, Ossareh S. Evaluation of Long-

term Survival and Predictors of Mortality in Hemodialysis 
Patients by Using Time Dependent Variables, A Single 
Centre Cohort Analysis. Iran J Kidney Dis. 2021 
Sep;15(5):373-384.

7.	Hiyamuta H, Yamada S, Taniguchi M, Nakano T, 
Tsuruya K, Kitazono T. Causes of death in patients 
undergoing maintenance hemodialysis in Japan: 10-year 
outcomes of the Q-Cohort Study. Clin Exp Nephrol. 2021 
Oct;25(10):1121-1130.

8.	Chandrashekar A, Ramakrishnan S, Rangarajan 
D. Survival analysis of patients on maintenance 
hemodialysis. Indian J Nephrol. 2014 Jul;24(4):206-13.

9.	Soleymanian T, Niyazi H, Noorbakhsh Jafari Dehkordi 
S, Savaj S, Argani H, Najafi I. Predictors of Clinical 
Outcomes in Hemodialysis Patients: a Multicenter 
Observational Study. Iran J Kidney Dis. 2017 
May;11(3):229-236. 

10.	Soleymanian T, Kokabeh Z, Ramaghi R, Mahjoub 
A, Argani H. Clinical outcomes and quality of life in 
hemodialysis diabetic patients versus non-diabetics. J 
Nephropathol. 2017;6(2):81-89.

11.	Rodríguéz JA, Clèries M, Vela E. Diabetic patients on 
renal replacement therapy: analysis of Catalan Registry 
data. Renal Registry Committee. Nephrol Dial Transplant. 
1997 Dec;12(12):2501-9.

12.	Dikow R, Ritz E. Cardiovascular complications in the 
diabetic patient with renal disease: an update in 2003. 
Nephrol Dial Transplant. 2003 Oct;18(10):1993-8.

13.	United States Renal Data System. 2022 USRDS Annual 
Data Report: Epidemiology of kidney disease in the United 
States. National Institutes of Health, National Institute of 
Diabetes and Digestive and Kidney Diseases, Bethesda, 
MD, 2022. Available at: https://usrds-adr.niddk.nih.
gov/2022.

14.	Mailloux LU, Bellucci AG, Napolitano B, Mossey T, Wilkes 
BM, Bluestone PA. Survival estimates for 683 patients 
starting dialysis from 1970 through 1989: identification of 
risk factors for survival. Clin Nephrol. 1994 Aug;42(2):127-
35.

15.	The Morbidity, Mortality and Prescription of Dialysis 
Symposium. Proceedings. Dallas, Texas, September 15-
17, 1989. Am J Kidney Dis. 1990 May;15(5):375-515.

16.	Charra B, Calemard E, Ruffet M, et al. Survival as 
an index of adequacy of dialysis. Kidney Int. 1992 
May;41(5):1286-91. 

17.	Goodkin DA, Bragg-Gresham JL, Koenig KG, et al. 
Association of comorbid conditions and mortality 
in hemodialysis patients in Europe, Japan, and the 
United States: the Dialysis Outcomes and Practice 
Patterns Study (DOPPS). J Am Soc Nephrol. 2003 
Dec;14(12):3270-7.

18.	van Dijk PC, Jager KJ, de Charro F, et al. Renal 
replacement therapy in Europe: the results of a 
collaborative effort by the ERA-EDTA registry and six 
national or regional registries. Nephrol Dial Transplant. 
2001 Jun;16(6):1120-9. 

19.	Goodkin DA, Young EW, Kurokawa K, Prütz KG, Levin 
NW. Mortality among hemodialysis patients in Europe, 
Japan, and the United States: case-mix effects. Am J 
Kidney Dis. 2004 Nov;44(5 Suppl 2):16-21.



Survival & Outcomes in Hemodialysis Over 9 Years— Soleymanian et al

221Iranian Journal of Kidney Diseases | Volume 19 | Number 4 | July 2025

20.	Chung SH, Lindholm B, Lee HB. Influence of initial 
nutritional status on continuous ambulatory peritoneal 
dialysis patient survival. Perit Dial Int. 2000 Jan-
Feb;20(1):19-26.

21.	Owen WF Jr, Lew NL, Liu Y, Lowrie EG, Lazarus JM. The 
urea reduction ratio and serum albumin concentration 
as predictors of mortality in patients undergoing 
hemodialysis. N Engl J Med. 1993 Sep 30;329(14):1001-
6. 

22.	Lowrie EG, Lew NL. Death risk in hemodialysis patients: 
the predictive value of commonly measured variables and 
an evaluation of death rate differences between facilities. 
Am J Kidney Dis. 1990 May;15(5):458-82. 

23.	Dwyer JT, Larive B, Leung J, et al. Are nutritional status 
indicators associated with mortality in the Hemodialysis 
(HEMO) Study? Kidney Int. 2005 Oct;68(4):1766-76.

24.	Kaysen GA, Stevenson FT, Depner TA. Determinants 
of albumin concentration in hemodialysis patients. Am J 
Kidney Dis. 1997 May;29(5):658-68. 

25.	Moshage HJ, Janssen JA, Franssen JH, Hafkenscheid 
JC, Yap SH. Study of the molecular mechanism of 
decreased liver synthesis of albumin in inflammation. J 
Clin Invest. 1987 Jun;79(6):1635-41. 

26.	Bloembergen WE, Port FK, Mauger EA, Wolfe RA. 
Causes of death in dialysis patients: racial and gender 
differences. J Am Soc Nephrol. 1994 Nov;5(5):1231-42.

27.	Rayner HC, Pisoni RL, Bommer J, et al. Mortality and 
hospitalization in haemodialysis patients in five European 
countries: results from the Dialysis Outcomes and Practice 
Patterns Study (DOPPS). Nephrol Dial Transplant. 2004 
Jan;19(1):108-20. 

28.	Pisoni RL, Arrington CJ, Albert JM, et al. Facility 
hemodialysis vascular access use and mortality in 
countries participating in DOPPS: an instrumental variable 
analysis. Am J Kidney Dis. 2009 Mar;53(3):475-91.

29.	Ravani P, Palmer SC, Oliver MJ, et al. Associations 
between hemodialysis access type and clinical 
outcomes: a systematic review. J Am Soc Nephrol. 2013 
Feb;24(3):465-73.

30.	Soleymanian T, Sheikh V, Tareh F, Argani H, Ossareh S. 
Hemodialysis vascular access and clinical outcomes: an 
observational multicenter study. J Vasc Access. 2017 Jan 
18;18(1):35-42.

31.	Hemodialysis Adequacy 2006 Work Group. Clinical 
practice guidelines for hemodialysis adequacy, update 
2006. Am J Kidney Dis. 2006 Jul;48 Suppl 1:S2-90.

32.	Young EW, Albert JM, Satayathum S, et al. Predictors and 
consequences of altered mineral metabolism: the Dialysis 
Outcomes and Practice Patterns Study. Kidney Int. 2005 
Mar;67(3):1179-87. 

33.	Slinin Y, Foley RN, Collins AJ. Calcium, phosphorus, 
parathyroid hormone, and cardiovascular disease in 

hemodialysis patients: the USRDS waves 1, 3, and 4 
study. J Am Soc Nephrol. 2005 Jun;16(6):1788-93. 

34.	Bellasi A, Di Lullo L, Russo D, et al. Predictive Value 
of Measures of Vascular Calcification Burden and 
Progression for Risk of Death in Incident to Dialysis 
Patients. J Clin Med. 2021 Jan 20;10(3):376.

35.	Danese MD, Halperin M, Lowe KA, Bradbury BD, Do TP, 
Block GA. Refining the definition of clinically important 
mineral and bone disorder in hemodialysis patients. 
Nephrol Dial Transplant. 2015 Aug;30(8):1336-44.

36.	Streja E, Wang HY, Lau WL, et al. Mortality of 
combined serum phosphorus and parathyroid hormone 
concentrations and their changes over time in 
hemodialysis patients. Bone. 2014 Apr;61:201-7. 

37.	Soleymanian T, Nikzad N, Mahjoub A, Argani H, Saavaj 
S. Serum Levels of Intact Parathyroid Hormone, Calcium, 
and Phosphorus and Risk of Mortality in Hemodialysis 
Patients. Nephro-Urol Mon. 2017;9(1).

38.	Besarab A, Bolton WK, Browne JK, et al. The effects of 
normal as compared with low hematocrit values in patients 
with cardiac disease who are receiving hemodialysis and 
epoetin. N Engl J Med. 1998 Aug 27;339(9):584-90. 

39.	Eknoyan G, Beck GJ, Cheung AK, et al. Effect of dialysis 
dose and membrane flux in maintenance hemodialysis. N 
Engl J Med. 2002 Dec 19;347(25):2010-9. 

40.	Yang W, Israni RK, Brunelli SM, Joffe MM, Fishbane S, 
Feldman HI. Hemoglobin variability and mortality in ESRD. 
J Am Soc Nephrol. 2007 Dec;18(12):3164-70. 

41.	Held PJ, Port FK, Wolfe RA, et al. The dose of 
hemodialysis and patient mortality. Kidney Int. 1996 
Aug;50(2):550-6. 

42.	Beaubrun AC, Kilpatrick RD, Freburger JK, Bradbury 
BD, Wang L, Brookhart MA. Temporal trends in fracture 
rates and post discharge outcomes among hemodialysis 
patients. J Am Soc Nephrol. 2013 Sep;24(9):1461-9. 

43.	Desmet C, Beguin C, Swine C, Jadoul M; Université 
Catholique de Louvain Collaborative Group. Falls in 
hemodialysis patients: prospective study of incidence, 
risk factors, and complications. Am J Kidney Dis. 2005 
Jan;45(1):148-53.

44.	Mittalhenkle A, Gillen DL, Stehman-Breen CO. Increased 
risk of mortality associated with hip fracture in the dialysis 
population. Am J Kidney Dis 2004; 44:672.

*Correspondence to:
Dr. Farnaz Tavakoli 
Iran, Tehran, North Kargar Street, Shariati Hospital 
Postal code :1411713135
Tel: +982184902469
Fax No: +982188026010

Received August 2024
Accepted May 2025


