RESEARCH ARTICLE / ARAŞTIRMA MAKALESİ

DOI: 10.4274/atfm.galenos.2020.68552
Journal of Ankara University Faculty of Medicine 2020;73(3):239-246

MEDICAL SCIENCES / DAHİLİ TIP BİLİMLERİ

Factors Associated with Mortality in Maintenance Hemodialysis
Patients: A Single-Center Data from East Anatolian Region of Turkey
Hemodiyaliz Hastalarında Mortalite ile İlişkili Faktörler: Türkiye’nin Doğu Anadolu
Bölgesinden Tek Merkezli Bir Veri
Şiyar Erdoğmuş1,

Fatma Kaymakamtorunları2

1Başkent University Faculty of Medicine, Department of Nephrology, Ankara, Turkey
2Ankara University Faculty of Medicine, Department of Biostatistics, Ankara, Turkey

Abstract
Objectives: Patients on maintenance hemodialysis have a high mortality risk compared to the general population. There have been reported many
risk factors that affect the mortality of these patients. The aim of this study was to evaluate the clinical and laboratory characteristics of these
patients and to identify risk factors that contributed to their mortality.
Materials and Methods: This study was a retrospective observational cohort study conducted between January 2018 and January 2020. At the
start of the study, all of patients were clinically evaluated, and data regarding demographic, clinic, and laboratory characteristics were collected. At
the end of 2-year follow-up period, the patients were separated into two groups according to their survival status. Data were analyzed between the
survival and death groups. Logistic regression analysis was used to evaluate risk factors associated with mortality.
Results: A total of 74 patients (53% females and 47% males) were included in the analysis. The mean age of the study population was 53.04±14.61
years. At the end of 2-year follow-up period, 21 (28.4) patients died, and four (5.4) received a kidney transplant. The leading cause of death was
cardiovascular events (52.2%), followed by infections (43%). Compared with the survival group, the death group patients had higher rate of
comorbid conditions, older age, required higher erythropoiesis stimulating agent doses, lower levels of serum creatinine and albumin, and higher
levels of C-reactive protein (CRP). The presence of diabetes mellitus, cerebrovascular disease, and high CRP levels are independent risk factors for
mortality.
Conclusion: An early and careful evaluation is essential in the follow-up of the patients in order to improve survival in this group of patients. Largescale multicenter studies are needed to better determine the causes of increased risk of mortality in maintenance hemodialysis patients.
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Özet
Amaç: Hemodiyaliz hastaları genel popülasyona göre yüksek mortalite riskine sahiptir. Bu hastaların mortalitesini etkileyen birçok risk faktörü
bildirilmiştir. Bu çalışmanın amacı, bu hastaların klinik ve laboratuvar özelliklerini değerlendirmek ve mortalitelerine katkıda bulunan risk faktörlerini
tanımlamaktır.
Gereç ve Yöntem: Çalışma Ocak 2018 ile Ocak 2020 arasında yapılan retrospektif gözlemsel bir kohort çalışmasıdır. Çalışmanın başlangıcında
tüm hastalar klinik olarak değerlendirildi ve demografik, klinik ve laboratuvar özellikleri ile ilgili veriler toplandı. İki yıllık takip süresinin sonunda
hastalar sağkalım durumuna göre iki gruba ayrıldı. Hayatta kalan ve ölen gruplar arasında veriler analiz edildi. Mortalite ile ilişkili risk faktörlerini
değerlendirmek için lojistik regresyon analizi kullanıldı.
Bulgular: Toplam 74 hasta (%53 kadın ve %47 erkek) analize dahil edildi. Çalışma popülasyonunun ortalama yaşı 53,04±14,61 yıl idi. İki yıllık takip
süresinin sonunda 21 (28,4) hasta öldü ve dört (5,4) hastaya böbrek nakli uygulandı. Önde gelen ölüm nedeni kardiyovasküler olaylar (%52,2),
ardından enfeksiyonlar (%43) idi. Hayatta kalan hasta grubuyla karşılaştırıldığında, ölen hasta grubunda daha yüksek komorbid durumlar, daha ileri
yaş, daha yüksek eritropoezi uyarıcı ajan dozları, daha düşük serum kreatinin ve albümin seviyeleri ve daha yüksek C-reaktif protein (CRP) seviyeleri
gözlendi. Diabetes mellitus, serebrovasküler hastalık ve yüksek CRP seviyeleri mortalite için bağımsız risk faktörleri idi.
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Sonuç: Bu hasta grubunda sağkalımı artırmak için hastaların takibinde erken ve dikkatli bir değerlendirme şarttır. Hemodiyaliz hastalarında mortalite
riskinin artmasının nedenlerini daha iyi belirlemek için büyük ölçekli çok merkezli çalışmalara ihtiyaç vardır.
Anahtar Kelimeler: Mortalite, Risk Faktörleri, Hemodiyaliz

Introduction
The mortality rate in maintenance hemodialysis (MHD)
patients remains high, despite the technical and medical
improvements in the last years (1,2). MHD patients have a high
rate of mortality than that of the general population. Therefore,
it is important to identify risk factors underlying mortality on
MHD patients (3). Cardiovascular disease is very common in MHD
patients and is the leading cause of death in these patients.
However, non-cardiovascular causes of death are increased to
the same extent as cardiovascular mortality on MHD patients
(4,5).
The increased risks of cardiovascular morbidity and mortality
in MHD patients is related to an increased prevalence of
traditional cardiovascular risk factors, including advanced age,
diabetes mellitus (DM), hypertension (HT), obesity, smoking, and
dyslipidemia (6,7). In addition, the presence of multiple comorbid
conditions is an increasingly common problem in MHD patients
and is associated with worse cardiovascular outcomes (8).
Systemic inflammation and malnutrition also play an important
role, and are poor prognostic factors identified for incresed
mortality (9,10). MHD patients using central venous catheter
(CVC) have been associated with an enhanced inflammatory
state (11). Markers of nutritional status, such as serum albumin,
serum creatinine, body mass index (BMI), and serum lipids
are related to mortality, as are inflammatory markers such as
C-reactive protein (CRP) and interleukin-6 (12,13). Disorders
of mineral metabolism have also been defined as risk factors
contributing to mortality in hemodialysis patients, especially
hyperphosphatemia, hyperparathyroidism, and an elevated
calcium phosphorous product (14). Although the importance
of non-cardivascular causes of death has been highlighted in
MHD patients, it has been underestimated in clinical practice. In
this context, the aim of the present study was to evaluate the
risk factors associated with mortality in a cohort of patients on
MHD.

Materials and Methods
Patients and Study Design
This was a retrospective observational cohort study conducted
between January 2018 and January 2020 at the hemodialysis
unit at Van Training and Research Hospital of University of
Health Sciences in the city of Van, Turkey. We included 80 MHD
patients in our study. Patients on hemodialysis therapy for less
than 3 months, presence of autoimmune disease, malignancy,
240

and acute or chronic infection, were excluded from the study.
Six patients were excluded because of did not meet the criteria,
two of them had hemodialysis therapy for less than 3 months,
three had malignancies, and one had autoimmune disease.
At the start of the study, all of patients were clinically
evaluated, and data regarding baseline demographic, clinic
and laboratory parameters were obtained from the hospital
database. Demographic and clinical parameters such as age,
gender, BMI, smoking status, etiology of primary kidney disease,
comorbidities, types of vascular access, hemodialysis frequency
and duration, dialysis vintage, and medical prescriptions were
collected. The total doses of erythropoietin used in the last
year was recorded. In terms of common standardization, the
doses of darbepoetin were indicated and per week of kilogram
doses calculated. DM was defined based on the criteria of
the American Diabetes Association or the use of medications
such as oral hypoglycemic agents and/or insulin (15). HT was
defined as a systolic blood pressure of at least 140 mmHg and a
diastolic blood pressure of at least 90 mmHg and/or previously
diagnosed HT and/or the use of antihypertensive medication
(16). Patients with total serum cholesterol levels greater than or
equal to 200 mg/dL or low-density lipoprotein (LDL) cholesterol
above 100 mg/dL and triglycerides greater than 150 mg/dL or
patients who were taking lipid-lowering drugs were considered
dyslipidemia (17,18). Patients with a history of myocardial
infarction, angioplasty or myocardial revascularization were
considered to have coronary artery disease (CAD). Those patients
with a history of stroke or transient ischemic attack or those
who had undergone carotid endarterectomy were defined as
having cerebrovascular disease (CVD). Patients with a history
of claudication, ulceration or amputation due to ischemia of
the limbs or those who underwent peripheral revascularization
were defined with peripheral arterial disease (PAD). When the
medical records documented presence of signs and symptoms
compatible with heart failure, and/or echocardiography findings
support to heart failure, patients were diagnosed with heart
failure. Those patients taking antiarrhythmic medications, or
electrocardiogram changes of rhythm and rate, were defined as
having cardiac arrhythmia.
Biochemical Parameters
Routine laboratory investigations of all patients were
performed every month before hemodialysis session and recorded
monthly. Averages of the biochemical parameters of the last
year were used for analysis. Serum levels of hemoglobin, iron,
iron binding capacity, ferritin, total cholesterol, triglycerides,
LDL cholesterol, HDL cholesterol, creatinine, glucose, sodium,
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potassium, uric acid, calcium, phosphorus, parathyroid
hormone, calcium phosphorous product, albumin, CRP, glycated
hemoglobin (HbA1c), single pool Kt/V, and urea reduction ratio
(URR) were determined using routine laboratory techniques.
Follow-up and Outcomes
At the end of 2 years follow-up period, the cases of death,
kidney transplant, and transfer to peritoneal dialysis were
recorded. Causes of death were determined as cardivascular
events, infections, and gastrointestinal bleeding. Based on
survival status, the patients were divided into two groups: group
I (the survival group) and group II (the death group). Patients
who were received a kidney transplant, or for any reason
transferred to peritoneal dialysis were excluded in the survival
group. Patient characteristics and the risk factors of mortality
were compared among two groups.
Statistical Analysis
Data were analyzed with Statistical Package of Social
Science (SPSS Inc., Chicago, IL, USA) software version 11.5 for
Windows. Tests for normality of distribution for continuous
variables were performed using the Kolmogorov-Smirnov test.
Data were expressed as mean ± standard deviation or median
(interquartile range) for continuous variables according to
their distribution and as number or percentages for categorical
variables. The difference between the two groups was
determined by independent t-test for numerical variables with
normal distribution and by Mann-Whitney U test for numerical
variables without normal distribution. Relationships between
categorical variables were also determined by Pearson chisquare and Fischer’s exact test. Relationships between numerical
variables were examined with Pearson’s correlation coefficient.
Univariate logistic regression analysis was performed for all
possible risk factors. In univariate analysis, variables with p<0.25
were accepted as candidate variables along with all known
variables of clinical significance for the multivariate model.
Variable selection for multiple models was made by Backward
likelihood ratio method. Odds ratio and 95% confidence interval
were calculated for each independent variable. The value of
p<0.05 was considered statistically significant.

Results
Patients Characteristics
A total of 74 patients (53% females and 47% males) were
included to analysis. All patients were under hemodialysis therapy
three times peer week for 3-5 hours and the median dialysis
vintage was 49 (3-324) months. The mean age of the study
population was 53.04±14.61 years. Seventeen percent of the
patients were classified as underweight, while 19% overweight
and 11% obese. The etiologies of primary kidney disease were

as follow: 19 (25.7) had diabetic kidney disease, four (5.4) had
hypertensive kidney disease, eight (10.8) had glomerulonephritis,
two (2.7) had polycystic kidney disease, two (2.7) had secondary
amyloidosis, three (4.1) had reflux nephropathy, seven (9.5)
had obstructive uropathy/nephrolithiasis, and 29 (39.2) had
uncertain etiology. The majority of the patients (82.4%) had
HT. Additionally, 28.4% had DM, 45.9% dyslipidemia, 25.7%
CAD, 9.5% CVD, 6.8% PAD, 5.4% cardiac arrhythmia, and 2.7%
heart failure. The prevalence of arteriovenous fistula usage was
83.8% in MHD patients. Eighty-eight percent of total patients
were received erythropoiesis stimulating agents (ESA) and half
of the patients were using darbepoetin The mean hemoglobin
level of was 10.64±0.74 g/dL. The prevalence of mortality
was 28.4% within 2 years, while annual rate of mortality was
approximately 15%. The baseline characteristics of the study
patients are presented in Table 1 and Table 2.
Follow-up and Comparison of Two Groups
At the end of 2 years follow-up period, 21 (28.4) patients
had died, and four (5.4) had received a kidney transplant. The
leading cause of death was cardiovascular events (52.2%),
followed by infections (43%), and gastrointestinal bleeding
(4.8%). The mean age of the patients that died during the
study period were significantly higher than that the survival
patients (59.66±11.89 vs 51.71±14.48; p=0.030). Compared
with the survival group, the death group patients had higher
rate of comorbid conditions such as DM, HT, CAD, CVD, and
PAD. However, statistically significant differences were found
for HT and CVD between two goups (p=0.027 vs p=0.022,
respectively). There were no statistically significant differences
between two groups in most clinical parameters such as gender,
BMI, etiology of primary kidney disease, ultrafiltration volume,
type of vascular access, viral serology, ESA usage, and smoking
status. The median hemoglobin levels were not significantly
different among the groups (10.4 g/dL vs 10.6 g/dL; p=0.095).
In contrast, in the death group patients required significantly
higher ESA doses than in the survival groups (0.56±0.13 µg/kg/
week vs 0.46±0.15 µg/kg/week; p=0.014). The death group had
lower median dialysis vintage than that the survival group, but
not reaching statistically significance (32 months vs 54 months,
p=0.057). The death group patients had significantly lower
levels of serum creatinine (p=0.005) and albumin (p=0.012),
but higher levels of CRP (p=0.026). The characteristics and
comparisons of two groups are presented in Table 3.
To identify potential risk factors for mortality, we conducted
logistic regression analysis. On univariate analysis, age (≥65
years), presence of CVD, levels of serum albumin lower than
3.5 g/dL, and elevated CRP levels were found associated with
mortality. On multivariate analysis, the presence of DM [odds
ratio (OR)=3.583, 95% confidence interval (CI): 1.003-12.808,
p=0.05], CVD (OR=8.217, 95% CI: 1.263-53.442, p=0.027), and
241

Erdoğmuş and Kaymakamtorunları. Factors Associated with Mortality in Hemodialysis Patients

Ankara Üniversitesi Tıp Fakültesi Mecmuası 2020;73(3)

Table 1: The baseline demographic and clinic characteristics of
the study patients

Table 2: The baseline laboratory characteristics of the study
patients

Parameters

All pateints (n=74)

Parameters

All patients (n=74)

Age (years) (mean ± SD)

53.04±14.61

Hemoglobin (g/dL) median (min, max)

10.6 (9-13.1)

Gender (n) (female/male)

39/35

Iron (µg/dL) (mean ± SD)

70.38±21.38

BMI (kg/m2) median (min, max)

22.69 (16.53-36.45)

Iron binding capacity (µg/dL) (mean ± SD)

135.02±29.47

Primary kidney diseases, n (%)

Ferritin (ng/mL) (mean ± SD)

1071.04±470.62

Diabetic kidney disease

19 (25.7)

Total cholesterol (mg/dL) (mean ± SD)

151.01±31.72

Hypertensive kidney disease

4 (5.4)

HDL cholesterol (mg/dL) median (min, max)

34 (20-60)

Glomerulonephritis

8 (10.8)

LDL cholesterol (mg/dL) (mean ± SD)

78.28±23.89

Polycystic kidney disease

2 (2.7)

Triglycerides (mg/dL) median (min, max)

158 (65-447)

Amyloidosis

2 (2.7)

Creatinine (mg/dL) (mean ± SD)

8.16±1.73

Vesicoureteral reflux/pyelonephritis

3 (4.1)

URR (%) median (min, max)

72 (54-81)

Urinary stone disease/obstructive uropathy

7 (9.5)

Kt/V (mean ± SD)

1.53±0.23

Unknown

29 (39.2)

Glucose (mg/dL) median (min, max)

86.5 (68-223)

Comorbidities, n (%)

Sodium (mmol/L) median (min, max)

138 (135-141)

Diabetes mellitus

21 (28.4)

Potassium (mmol/L) (mean ± SD)

5.38±0.53

Hypertension

61 (82.4)

Uric acid (mg/dL) (mean ± SD)

6.61±0.77

Dyslipidemia

34 (45.9)

Calcium (mg/dL) median (min, max)

8.3 (6.7-9.8)

Coronary artery disease

19 (25.7)

Phosphorus (mg/dL) (mean ± SD)

4.75±0.92

Cerebrovascular disease

7 (9.5)

37.86 (22.96-73.5)

Peripheral vascular disease

5 (6.8)

Calcium phosphorus product median (min,
max)

Arrhythmia

4 (5.4)

Albumin (g/dL) median (min, max)

3.9 (3-4.5)

Heart failure

2 (2.7)

365 (12-2470)

Dialysis vintage (months) median (min, max)

49 (3-324)

Parathyroid hormone (pg/mL) median (min,
max)
CRP (mg/dL) median (min, max)

0.69 (0.13-6)

HBA1C (%) median (min, max)

5.2 (4-8.7)

Types of vascular access n (%)

CVC

12 (16.2)

AVF

62 (83.8)

Ultrafiltration volume (L/week) (mean ± SD)

3.08±0.66

HBsAG + n (%)

3 (4.1)

Anti-HCV + n (%)

8 (10.8)

Smoking status + n (%)

18 (24.3)

ESA + n (%)

65 (87.8)

Darbepoetin doses (µg/kg/week) (mean ± SD)

0.48±0.16

BMI: Body mass index, CVC: Central venous catheter, AVF: Arteriovenous fistula, ESA:
Erythropoiesis stimulating agents, HBsAG: Hepatitis B surface antigen, HCV: Hepatitis
C virus, SD: Standard deviation, min: Minimum, max: Maximum, n: Number

elevated CRP levels (OR=4.340, 95% CI: 1.306-14.416, p=0.017)
were independent risk factors for mortality. Factors associated
with mortality are presented in Table 4.

Discussion
In this study, we retrospectively examined 74 patients on
MHD in order to identify parameters that could be associated
with mortality. During the follow-up period, 21 patients died
and four patients received a kidney transplant. The annual rate
of mortality was 15%. The causes of death were cardiovascular
242

HDL: High-density lipoprotein, LDL: Low-density lipoprotein, URR: Urea reduction
ratio, CRP: C-reactive protein, HBA1C: glycated hemoglobin, SD: Standard deviation,
min: Minimum, max: Maximum, n: Number K: Dialyzer clearance of urea, t: Dialysis
time, V: Volume of distribution of urea

events for 11 patients, infections for nine, and gastrointestinal
bleeding for one. Patients who died were older, had DM, HT,
CAD, CVD and PAD, and required higher ESA doses to achieve the
target hemoglobin levels. In addition, the death group patients
had lower levels of serum creatinine and albumin, while had
higher levels of CRP. The presence of DM, CVD, and elevated
CRP levels seem to be independent risk factors for mortality in
MHD patients.
In spite of the considerable advances in the public health,
MHD patients have high mortality rates. Almost half of the
patients die due to cardiovascular disease. The high risk of
cardiovascular mortality is associated with a high prevalence of
known traditional cardiovascular risk factors. In addition, many
MHD patients are of older age and have multiple comorbid
conditions, as well as dysfunction of the immune system (3).
Non-cardiovascular mortality is also increased on MHD patients,
but the importance of non-cardiovascular mortality is often
overlooked (19). de Jager et al. (4) analyzed data from the
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Table 3: The characteristics and comparisons of between survival and death groups
Parameters

Survival group (n=49)

Death group (n=21)

p value

Age (years) (mean ± SD)

51.71±14.48

59.66±11.89

0.030

Gender (n) (female/male)

25/24

13/8

0.402

BMI (kg/m ) median (min, max)

23.14 (16.53-36.45)

21.97 (16.53-31.25)

0.449

Diabetes mellitus

12 (24.5)

9 (42.9)

0.124

Hypertension

38 (77.6)

21 (100)

0.027

Dyslipidemia

25 (51)

8 (38.1)

0.321

Coronary artery disease

11 (22.4)

8 (38.1)

0.177

Cerebrovascular disease

2 (4.1)

5 (23.8)

0.022

Peripheral vascular diseases

3 (6.1)

2 (9.5)

0.632

Arrhythmia

3 (6.1)

1 (4.8)

1

Heart failure

2 (4.1)

0

1

Dialysis vintage (months) median (min, max)

54 (3-324)

32 (3-106)

0.054

CVC

6 (12.2)

6 (28.6)

0.097

AVF

43 (87.8)

15 (71.4)

0.097

Ultrafiltration volume (L/week) (mean ± SD)

3.06±0.63

3.1±0.76

0.836

HBsAG + n (%)

1 (2)

2 (9.5)

0.212

Anti-HCV + n (%)

7 (14.3)

0

0.94

Smoking status + n (%)

12 (24.5)

5 (23.8)

0.951

ESA + n (%)

42 (85.7)

20 (95.2)

0.251

Darbepoetin doses (mean ± SD)

0.46±0.15

0.56±0.13

0.014

Hemoglobin (g/dL) median (min, max)

10.6 (9.3-13.1)

10.4 (9-11.4)

0.095

Iron (µg/dL) (mean ± SD)

70.5±19.16

67±23.17

0.513

Iron binding capacity (µg/dL) (mean ± SD)

136.34±30.65

134.52±27.91

0.816

Ferritin (ng/mL) (mean ± SD)

1044.06±463.62

1108.76±529.58

0.610

Total cholesterol (mg/dL) (mean ± SD)

153.65±32.72

149.28±30.92

0.605

HDL cholesterol (mg/dL) median (min, max)

34 (20-60)

39 (20-60)

0.617

LDL cholesterol (mg/dL) (mean ± SD)

78.69±23.59

81.38±25.23

0.670

Triglycerides (mg/dL) median (min, max)

163 (65-447)

150 (95-285)

0.308

Creatinine (mg/dL) (mean ± SD)

8.36±1.61

7.18±1.47

0.005

URR (%) median (min, max)

73 (60-81)

72 (54-79)

0.753

Kt/V (mean ± SD)

1.53±0.24

1.51±0.22

0.803

Glucose (mg/dL) median (min, max)

84 (68-188)

89 (72-223)

0.092

Sodium (mmol/L) median (min, max)

138 (135-141)

138 (135-141)

0.750

Potassium (mmol/L) (mean ± SD)

5.31±0.53

5.54±0.54

0.103

Uric acid (mg/dL) (mean ± SD)

6.7±0.65

6.27±0.94

0.068

Calcium (mg/dL) median (min, max)

8.4 (6.7-9.5)

8.1 (7.6-9.8)

0.234

Phosphorus (mg/dL) (mean ± SD)

4.64±0.85

4.94±1.06

0.216

Calcium phosphorus product median (min, max)

37.8 (22.96-58.24)

39.78 (26.6-73.5)

0.346

Albumin (g/dL) median (min, max)

3.9 (3-4.5)

3.8 (3-4.2)

0.012

Parathyroid hormone (pg/mL) median (min, max)

365 (12-1940)

312 (78-2470)

0.366

CRP (mg/dL) median (min, max)

0.68 (0.13-2.28)

1.05 (0.2-6)

0.026

HBA1C (%) median (min, max)

5.2 (4-8.7)

5.5 (4.1-8.7)

0.088

2

Comorbidities, n (%)

Types of vascular access n (%)

BMI: Body mass index, CVC: Central venous catheter, AVF: Arteriovenous fistula, ESA: Erythropoiesis stimulating agents, HDL: High-density lipoprotein, LDL: Low-density lipoprotein,
URR: Urea reduction ratio, CRP: C-reactive protein, HBA1C: Glycated hemoglobin, HBsAG: Hepatitis B surface antigen, HCV: Hepatitis C virus, SD: Standard deviation, min: Minimum,
max: Maximum, n: Number, K: Dialyzer clearance of urea, t: Dialysis time, V: Volume of distribution of urea
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Table 4: Logistic regression analysis: risk factors associated with mortality in maintenance hemodialysis patients
Parameters

Univariate

Multivariate

OR (95%CI)

p value

OR (95%CI)

p value

Age (≥65 years)

3.333 (1.080-10.287)

0.036

-

-

Diabetes mellitus

2.312 (0.784-6.824)

0.129

3.583 (1.003-12.808)

0.05

Cerebrovascular disease

7.344 (1.295-41.639)

0.024

8.217 (1.263-53.442)

0.027

Coronary artery disease

2.126 (0.703-6.433)

0.182

-

-

Albumin (<3.5 g/dL)

7.667 (1.747-33.642)

0.007

-

-

CRP (↑)

3.955 (1.327-11.794)

0.014

4.340 (1.306-14.416)

0.017

OR: Odds ratio, CI: Confidence interval, CRP: C-reactive protein

European Renal Association–European Dialysis and Transplant
Association Registry and showed that in dialysis patients
mortality from non-cardiovascular disease was increased to the
same extent as mortality from cardiovascular disease. Shastri et
al. (20) reported the various causes of death in a large cohort
of patients undergoing hemodialysis and showed that rates of
sudden cardiac death, non-sudden cardiac death, and noncardiac death were 22%, 17%, and 61%, respectively. According
to the Turkish Society of Nephrology’s 2018 Registry Report,
the most common cause of death in prevalent hemodialysis
patients was cardiovascular (48%), followed by cerebrovascular
(14%), malignancy (10.4%), and infection (10%) (21). In our
study, during the follow-up period, 21 (28.4) patients died
and the rates of death for cardiovascular events, infections,
and gastrointestinal bleeding were 52.2%, 43%, and 4.8%,
respectively. In our study, cardiovascular and cerebrovascular
deaths were evaluated together as cardiovascular events.
Cardiovascular deaths were the first among the causes of death.
These findings were in accordance with the literature.
Inflammation plays an important role in the mortality
in patients on chronic hemodialysis. CRP as a marker of
inflammation can be used as a predictors of death. In a study
on 280 hemodialysis patients, CRP was found to be strongly
independent predictors of both overall death and cardiovascular
death (22). This was in agreement with our study results. The
relation between the type of vascular access and mortality
has been reported in hemodialysis patients (23). The presence
of a non-native vascular access device, including a CVC is the
most common identifiable source of infection in patients on
hemodialysis that contributes to increased mortality (24). In our
study cohort, we found that the patients who died, as compared
to living patients had a higher percentage of them used CVC
for vascular access. However, it was not reaching statistically
significance. This may be related to relatively small sample size.
The median hemoglobin level of our patients was 10.6 g/dL.
Compared with the survival group, the death group had a lower
hemoglobin levels and they required significantly higher ESA
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doses. Limited evidence suggests that an increased mortality
may be due to high ESA doses. In one observational study of
hemodialysis patients in the United States, in patients with
persistently low hemoglobin levels (<9.5 g/dL) and received
larger ESA dose changes over an 11-month period had a higher
mortality risk (25). In another study, lower erythropoietin
responsiveness was a strong, independent predictor of mortality
risk (26). However the association between higher ESA doses and
mortality has not been shown in all studies. In one observational
study, on average, epoetin dosages >30,000 unit/week were
not confer additional harm or benefit in elderly hemodialysis
patients (27).
Previous studies demonstrated that older age, previous
atherosclerotic vascular disease, DM, higher levels of CRP and
lower levels of albumin are associated with mortality in patients
undergoing hemodialysis (28). Our results were in accordance
with these studies. We found that most of hemodialysis patients
were died secondary to atherosclerotic cardiovascular disease.
Infection was the second leading cause of mortality in these
patients. The death group patients were older, had higher
comorbid conditions such as DM, HT, CAD, CVD and PAD, lower
serum albumin and creatinine levels, and higher CRP levels
when compared with the survival group. In univariate analysis,
patients 65 years of age and older and serum albumin levels
below 3.5 g/dL were found associated with mortality, but in
multivariate analysis did not show. We also found that DM, CVD,
and higher CRP levels are three main predictors of mortality in
MHD patients.
The assessment of nutritional status among hemodialysis
patients is very important because of as a predictor of
morbidity and mortality (29). However, there is no gold
standart parameters in routine clinical practice for nutritional
status assessment. Different markers such as serum albumin,
creatinine, BMI, and lipid profile have been associated with
mortality (30). Malnutrition associated with inflammation has
been extensively studied in recent years and is considered a
risk factor that increase the mortality in hemodialysis patients
(31,32). We evaluated the nutritional status by BMI, pre-
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dialysis serum albumin, creatinine, and lipid profile of patients.
Although total cholesterol, triglycerides, and BMI were lower in
the non-survival patients, there were not statistically significant
among the groups. Only serum creatinine levels were lower in
the died patients. With regard to hemodialysis efficacy, total
Kt/V, ultrafiltration volume, and URR did not effect mortality in
the present study. Regarding the mineral metabolism disorders
serum calchium, phosphorus, parathyroid hormone, and
calchium phosphorus product were not differ in both group of
patients.
Study Limitations
Our study has some limitations. First, the number of patients
included in this study and follow-up period were relatively
limited. Second, as the baseline data were recorded at the start
of the study, events occurring 2 years follow-up period may be
explained by the course of the patients and not by the baseline
status.

Conclusion
A careful evaluation are essential in MHD patients especially
with DM, CVD, and high CRP levels. This provides to achieve
timely the clinical goals and to improve survival in this group
of patients.
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