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Implication for health policy/practice/research/medical education:
In an observational study, we evaluated the risk factors for catheter-related infection in end-stage chronic renal failure patients 
undergoing hemodialysis and found that diabetes mellitus and excess serum iron levels are two major risk factors. In addition, 
lower-serum transferrin saturation could be a protective agent.
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Introduction
Hemodialysis can be conducted in three ways; arterial 
venous fistula (AVF), central venous catheters and 
grafts. Previous studies show that hemodialysis through 
an intravenous arterial fistula or graft is associated with 
longer survival and hospitalization than hemodialysis 
through the venous catheters (1). 

Recent data show that 15%-50% of patients with end-
stage renal disease (ESRD) in Europe and 60% of these 
patients in the United States begin their hemodialysis 
program with central venous catheters (2). The incidence 

of catheter infection and bacteremia in hemodialysis 
patients is estimated to be 0.4-4.5 and 0.2-3.9, respectively, 
per 1000 days of catheter implantation (3).  Central 
venous catheters are a major risk factor for bacteremia in 
hemodialysis patients, which can cause life-threatening 
complications in more than 10% of cases, including septic 
shock, endocarditis, septic arthritis, osteomyelitis and 
epidural abscesses. The relative risk of hospitalization 
for infection and death is 2-3 times higher in the patients 
using central venous catheters than in the patients using 
AVF or grafts (4).

Introduction: Catheter-related infection in the patients with end-stage renal disease (ESRD) is one 
of the leading causes of death. Identifying risk factors for infection, including patients’ iron profile, 
plays an important role in preventing this complication.
Objectives: In this study, we aimed to determine the risk factors of catheter-related infections 
among the ESRD patients in Qazvin, Iran.
Patients and Methods: In this observational study, 41 patients with hemodialysis venous catheter-
related infection (case group) and 42 patients without catheter-related infection ( control group) in 
Qazvin educational and medical centers were studied. The definition of functional iron deficiency 
anemia included ferritin <500 ng/mL and serum iron/total iron-binding capacity (TIBC) <30%. 
The laboratory evaluation method was based on enzyme-linked immunosorbent assay method. 
Definition of catheter-related infection in this study consisted of two positive results of the three 
cultures from blue and red catheter lines and blood at the same time with the same microorganism.
Results: In studying iron parameters, a significant difference between serum iron levels and 
transferrin saturation in the two groups was detected (P values of 0.0016 and 0.003, respectively). 
Both parameters were higher in the control group. The most common microorganism causing the 
infection was Staphylococcus aureus (43.9%) and most of the catheters used were of temporary 
internal jugular vein types. The most important risk factors in the incidence of catheter infection 
were diabetes mellitus (OR = 5.059) and high serum iron levels (OR = 1.053). Decreased transferrin 
saturation levels reduced the risk of infection (OR = 0.825).
Conclusion: There was a relationship between iron profile and diabetes mellitus and the 
increased risk of catheter-related infections. To prevent infection, patients with ESRD undergoing 
hemodialysis with venous catheters, blood sugar and serum iron levels need to be monitored 
carefully and iron overdose should be prevented in these patients.
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Infection is the second leading cause of death after 
cardiovascular diseases in hemodialysis patients (5,6). 
Definition of catheter-related infection consists of two 
positive results from the three cultures of blue and red 
catheter lines and blood at the same time with the same 
microorganism. The method of accessing blood vessels 
for hemodialysis is the main risk factor for bacteremia 
in hemodialysis patients, which is ten times higher than 
the AVF method if venous catheters are used. Identifying 
risk factors for infections associated with central venous 
catheters is effective in preventing their occurrence. These 
risk factors in various studies included catheter placement 
site and time, type of catheter, previous history of 
catheter infection, recent surgical history, iron overload, 
Staphylococcus aureus colonization within the nose, older 
age, diabetes mellitus, low-hemoglobin and albumin levels 
(7-9). 

According to the KDIGO guideline, functional iron 
deficiency anemia includes ferritin <500 ng/mL and 
serum iron/ total iron-binding capacity (TIBC) <30%(10).

Iron deficiency anemia causes numerous complications 
among hemodialysis patients such as heart disease, 
infection, weakness, decreased quality of life and restless 
leg syndrome, showing the prevalence at 59%  among this 
group (11).

Iron deficiency may increase the risk of infection 
because this nutrient is needed for the normal functioning 
of the immune system. Iron is an essential factor for the 
bactericidal activity of macrophages and is a part of the 
structure of peroxidase and nitrous oxidase enzymes (12). 

In addition, it is effective in the count and function of T 
lymphocytes (13). Reciprocally, according to the studies, 
iron is an essential nutrient for many pathogens (14). 
Some studies have shown that iron has a negative effect on 
the bactericidal activity of macrophages. In contrast, other 
studies have shown iron overload may promote infection 
(15).  Prevention and treatment of catheter infections 
in hemodialysis patients is critical as a major cause of 
mortality and morbidity. 

Objectives
The aim of the present study was to evaluate of risk factors 
for catheter-related infections in hemodialysis patients in 
Qazvin province.

Patients and Methods
Study design
In this observational study, 41 patients with ESRD who 
had permanent or temporary catheters for hemodialysis, 
and underwent catheter and blood culture diagnostics 
due to catheter infection as well as 42 patients with ESRD 
who were not confirmed to have catheter infection were 
examined for the association between catheter infection 
and iron deficiency anemia (Figure 1).

Case and control groups were matched in terms of 
gender and age ratios. This study was conducted for one 
year from April 2018 to March 2019 in the educational 
and medical centers of Qazvin province. 

The definition of functional iron deficiency anemia 
included ferritin <500 ng/mL and serum iron/TIBC<30%; 

Figure 1. Flow diagram of the study.
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the laboratory evaluation method was based on enzyme-
linked immunosorbent assay method. Groups with and 
without catheter infection were evaluated in terms of 
albumin status, diabetes mellitus, catheter location and 
type of catheter for permanent or temporary and duration 
of catheter implantation; then, the data were analyzed by 
a statistical consultant. Inclusion criteria included all the 
hemodialysis patients who had permanent or temporary 
catheters and, according to the diagnostic criteria, 
catheter infection was proven in them. The control group 
included the hemodialysis patients who had permanent or 
temporary catheters and did not have catheter infection. 
Exclusion criteria were the patient’s dissatisfaction with 
participating in the study.

Statistical analysis 
In order to obtain the sample size in this study, the 
results of  the study by Jones et al (16) that ferritin levels 
were obtained in the patients with and without catheter 
infection were conducted. Then, using G*Power 3.0.10 
software, the sample size was obtained based on the mean 
and standard deviation of ferritin in the control and case 
groups. With the first type error of 5% (α = 0.05) and test 
power of 80% (β = 0.2), the sample size was estimated to 
be at least 40 people per group.

In this study, SPSS software (version 23) was conducted 
to analyze the data. Mean and standard deviation were 
employed to describe the numerical data. Cross-table and 
chi-squared test were employed to describe and analyze 
the qualitative data. T-test and Kolmogorov–Smirnov 
test were utilized to analyze the numerical quantitative 
data with normal distribution. We used binary logistic 
regression test to examine the odds ratio of different risk 
factors for infection.

Results 
In this study, 83 patients with ESRD and undergoing 
hemodialysis with permanent or temporary catheters 
(mean age of 59 years old) were retrospectively reviewed. 
Forty patients were male and 43 patients were female, 
which included 48.2% and 51.8% of them, respectively. 
In addition, 42 patients were in the control group and 
41 patients in the case group. Of these, 41 patients had 
diabetes mellitus, which included 49.4% of the total 
patients.

Most of the patients in this study had internal jugular 
catheters (59%) and temporary type (66.3%). The rest of 
the patients had permanent type and femoral catheters.

Based on the study of cultures from blood as well as 
red and blue lines of catheter of the patients, the most 
common organism was Staphylococcus aureus, which 
grew in 18 patients (43.9%) in the culture media (Table 1).

Chi-square test was conducted to compare the qualitative 
and demographic data between the two groups.

The number of male and female patients in the control 
group was 23 (54.8%) and 19 (45.2%), respectively. In 

the case group, the number of men and women was 17 
(41.5%) and 24 (58.5%), respectively.

Moreover, 31% of patients in the control group and 
68.3% of patients in the case group had diabetes mellitus; 
in the analysis, the difference between the two groups in 
terms of diabetes mellitus was significant (P <0.05). 

Around 52.4% of the patients in the control group and 
65.9% of the case group had a jugular catheter and the rest 
in the two groups had a femoral catheter. 

In this study, the most common catheter used in the 
patients was temporary catheters. 

To compare the quantitative statistical data obtained 
from the two groups, univariate T-test analysis was used. 
Based on the results, the mean age of the control and case 
groups was 58 and 59 years old, respectively, without 
statistically significant differences. 

The mean of hemoglobin in the control and case groups 
was 9.82 g/dL and 10.17 g/dL, respectively. In the analysis 
of the data related to patients’ iron profiles, the mean 
serum iron levels in the control and case groups were 
63.17 µg/dL and 60.93 μg/dL, respectively, TIBC 260.4 
μg/dL and 303.9 μg/dL, transferrin saturation percentage 
25.36% and 19.53%, respectively, and ferritin 578.26 ng/
mL and 497 ng/mL, respectively. 

There was a statistically significant difference between 
the TIBC and transferrin saturation percentage between 
the variables related to the patients’ iron profiles (P < 
0.05). In comparing the mean albumin of the two groups, 
the level of serum albumin in the control group was 3.66 
g/dL and, in the case group, it was 3.52 g/dL (Table 2).

To investigate the odds ratio and significance level of 
the variables, we used binary logistic regression analysis. 
In this study, a statistically significant relationship was 
observed between catheter infection and serum iron level, 
transferrin saturation percentage and diabetes mellitus 
(Table 3).

Discussion 
Catheter-related infections are among the main and 
increasing causes of mortality and morbidity and cost for 
the medical system of countries in hemodialysis patients 
dependent on venous catheters (17,18). 

In our study, diabetes mellitus was examined as a possible 
comorbidity of increased risk of infection in individuals in 

Table 1. Frequency of causative microorganisms of catheter-related infec-
tion (N=41)

Organism Number of patients

Staphylococcus aureus (43.9%) 18
Staphylococcus epidermidis (17.1%) 7

Pseudomonas aeruginosa  (22%) 9

Escherichia coli (4.9%) 2

Acinetobacter (4.95) 2

Klebsiella pneumonia (2.4%) 1

Enterococci (2.45)1
Gram positive bacilli (2.4%) 1
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both groups. It should be noted that 31% of the control 
group and 68.3% of the case group had diabetes mellitus, 
which was statistically significant. The most important 
risk factor for catheter infection in hemodialysis patients 
was diabetes mellitus with OR = 5.059. In contrast to our 
results, in many studies in this field, the prevalence of 
diabetes was not significantly different between the case 
and control groups (16,19-22). However, in the study by 
Martin et al (20) similar to ours, diabetes mellitus was 
the most important risk factor for catheter infections 
after implantation in the internal jugular vein. In some 
other studies, a significant relationship has been reported 
between the control and case groups for diabetes mellitus 
(8,21).

The most common microbial pathogen causing catheter 
infection in our study was Staphylococcus aureus. This 
organism was responsible for causing infection in 43.9% 
of the infected patients. In all other similar studies, 
the most common organism causing the infection was 
Staphylococcus aureus.  In various studies, the share 
of Staphylococcus aureus has varied from 23% to 97% 
(16,19,20,22).

In our study, the mean duration of catheter retention 
until infection was 144 days and the median was 120 days. 

Table 2. Comparing statistical data between patients with and without catheter-related infection

Parameters Case group (with catheter related infection) Control group (without catheter related infection) P value

Number of patients 41 42
Age (y), Mean±SD 59±14 58±15 0.8
Gender 0.2

Male 17 (41.5%) 23 (54.8%) 
Female 24 (58.5%) 19 (45.2%)

Diabetes mellitus 28 (68.3%) 0.001
Location of catheter 0.2

Jugular 27 (65.9%) 22 (52.4%)
Femoral 14 (34.1%) 20 (47.6%)

Type of catheter 1
Temporary 27 (65.9%) 28 (66.7%)
Permanent 14 (34.1%) 14 (33.3%)

Hb (g/dL), Mean±SD 10.17±2.31 9.82±2.57 0.5
Serum iron  (μg/dL), Mean±SD 60.93±31.72 63.17±39.85 0.7
TIBC (μg/dL), Mean±SD 303.9±52.74 260.4±61.12 0.001
Transferrin saturation (%), Mean±SD 19.53±7.97 25.36±15.44 0.03
Ferritin (ng/mL), Mean±SD 565.12±339.8 578.26±357.9 0.3
Albumin (g/dL), Mean±SD 3.52±0.82 3.66±0.45 0.3

Hb: hemoglobin, TIBC:  total iron binding capacity.

Table 3.  Binary regression analysis of risk factors for catheter-related 
infection

Parameters Odds ratio P value

Serum iron 1.053 0.016

Transferrin saturation 0.825 0.006

Diabetes mellitus 5.059 0.002

In a similar study, this time was 25 days in people with 
complicated catheter infection and 50.5 days in people 
with uncomplicated infection (19). The mean duration of 
catheter retention until infection occurring in the study by 
Jones et al (16) was clearly longer than in our study which 
was at 214.5 days.

In this study, we performed a complete study on iron 
profile in all patients in the control and case groups. In 
the study by Nabi et al (22), unlike our study, the level of 
serum iron was higher in the case group. The mean serum 
iron levels in the control and case groups were 16.5 μg/
dL and 22.6 μg/dL, respectively, indicating a lower serum 
iron level in the patients of this study than in our work. 
There was no significant relationship between serum iron 
levels of the two groups. The study by Jones et al (16) 
also examined serum iron levels in the patients with and 
without catheter infection undergoing hemodialysis. In 
their study, contrary to our study, serum iron levels were 
higher in the patients with infection. Serum iron levels 
were clearly higher in our study. The mean serum iron 
level in the patients with catheter infection in this study 
was 17 μg/dL and, in non-catheter infection patients, it was 
12 μg/dL. Similar to our study, no significant relationship 
between the two groups in terms of serum iron levels were 
detected.

Our investigation is one of the few studies that examined 
other parameters of iron profile such as TIBC, ferritin 
and transferrin saturation. Among similar studies, only 
the study by Jones et al examined the parameters of iron 
profile. Jones et al only examined the serum ferritin level in 
the control and case groups. The results were inconsistent 
with the findings of our study. In this study, the mean 
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serum ferritin level in the patients with catheter infection 
was 834 ng/mL, and in non-infectious group, it was 459 
ng/mL. Similar to our study, no significant difference was 
observed between the groups.

Conclusion 
Based on the findings of this study, diabetes mellitus and 
higher serum iron levels put hemodialysis patients with 
venous catheters at increased risk for venous catheter 
infection. Lower levels of transferrin saturation in these 
patients reduce the risk of infection.

There was no difference between permanent and 
temporary venous catheters as well as femoral and 
jugular insertion for catheter infection. Therefore, it is 
recommended that, in all the patients with end-stage renal 
failure undergoing hemodialysis with venous catheters, 
blood sugar and serum iron levels be carefully monitored. 
This factor reduces the risk of infections associated with 
venous catheterization as an important cause of mortality 
in hemodialysis patients. Avoiding excessive iron intake 
can effectively reduce the risk of infection due to the 
increased percentage of transferrin saturation.

Accordingly, further researchs in this field is 
recommended to investigate the role of invasive therapies 
in controlling blood glucose and serum iron levels in 
reducing the risk of venous catheter infections in the 
patients with ESRD undergoing hemodialysis.

Limitations of the study 
Some of our study limitations included small sample size, 
single-center and short period of study. The use of a larger 
sample size, multicenter designs and longer periods for 
data collection could increase the value of information.

Authors’ contribution
SH and MS were the principal investigators of the study. 
SH and MS prepared the concept and design. SH revisited 
the manuscript and critically evaluated the intellectual 
contents. Both authors participated in preparing the 
final draft of the manuscript, revised the manuscript and 
critically evaluated the intellectual contents. Both authors 
read and approved the content of the manuscript and 
confirmed the accuracy or integrity of any part of the 
work.

Ethical issues
The research conducted in accordance with the tents of 
the Declaration of Helsinki. The Ethics Committee of 
Qazvin university of medical sciences approved this study. 
The institutional ethical committee at Qazvin university of 
medical sciences accepted all study protocols (IR.QUMS.
REC.1396.445). Accordingly, written informed consent 
was taken from all participants. This study was part of 
internal medicine residential thesis of Moosa Seifzade at 
this university (Thesis #111193). 

Conflicts of interests
The authors declare that they have no conflict of interest.

Funding/Support
The authors declared no receipt of the following financial 
support for the research, authorship, and/or publication 
of this article.

References
1. Dixon BS, Novak L, Fangman J. Hemodialysis vascular 

access survival: upper-arm native arteriovenous fistula. Am 
J Kidney Dis. 2002;39:92-101. doi: 10.1053/ajkd.2002.29886. 

2. Weijmer MC, Vervloet MG, ter Wee PM. Compared to 
tunnelled cuffed haemodialysis catheters, temporary 
untunnelled catheters are associated with more 
complications already within 2 weeks of use. Nephrol Dial 
Transplant. 2004;19:670-7. doi: 10.1093/ndt/gfg581. 

3. Marr KA, Sexton DJ, Conlon PJ, Corey GR, Schwab SJ, 
Kirkland KB. Catheter-related bacteremia and outcome 
of attempted catheter salvage in patients undergoing 
hemodialysis. Ann Intern Med. 1997;127:275-80. doi: 
10.7326/0003-4819-127-4-199708150-00003. 

4. Dhingra RK, Young EW, Hulbert-Shearon TE, Leavey 
SF, Port FK. Type of vascular access and mortality in US 
hemodialysis patients. Kidney Int. 2001;60:1443-51. doi: 
10.1046/j.1523-1755.2001.00947.x. 

5. Patel PR, Kallen AJ, Arduino MJ. Epidemiology, 
surveillance, and prevention of bloodstream infections in 
hemodialysis patients. Am J Kidney Dis. 2010;56:566-77. 
doi: 10.1053/j.ajkd.2010.02.352. 

6. Lata C, Girard L, Parkins M, James MT. Catheter-related 
bloodstream infection in end-stage kidney disease: a 
Canadian narrative review. Can J Kidney Health Dis. 
2016;3:24. doi: 10.1186/s40697-016-0115-8. 

7. Taylor G, Gravel D, Johnston L, Embil J, Holton D, Paton 
S, et al. Incidence of bloodstream infection in multicenter 
inception cohorts of hemodialysis patients. Am J Infect 
Control. 2004;32:155-60. doi: 10.1016/j.ajic.2003.05.007. 

8. Lemaire X, Morena M, Leray-Moragués H, Henriet-Viprey 
D, Chenine L, Defez-Fougeron C, et al. Analysis of risk 
factors for catheter-related bacteremia in 2000 permanent 
dual catheters for hemodialysis. Blood Purif. 2009;28:21-8. 
doi: 10.1159/000210034. 

9. Teehan GS, Bahdouch D, Ruthazer R, Balakrishnan 
VS, Snydman DR, Jaber BL. Iron storage indices: novel 
predictors of bacteremia in hemodialysis patients initiating 
intravenous iron therapy. Clin Infect Dis. 2004;38:1090-4. 
doi: 10.1086/382878. 

10. McMurray JJV, Parfrey PS, Adamson JW, Aljama P, Berns JS, 
Bohlius J, et al. Kidney disease: Improving global outcomes 
(KDIGO) anemia work group. KDIGO clinical practice 
guideline for anemia in chronic kidney disease. Kidney Int 
Suppl. 2012;2:279-335. doi: 10.1038/kisup.2012.37. 

11. Lin XW, Zhang JF, Qiu MY, Ni LY, Yu HL, Kuo SH, et al. 
Restless legs syndrome in end stage renal disease patients 
undergoing hemodialysis. BMC Neurol. 2019;19:47. doi: 
10.1186/s12883-019-1265-y. 

12. Beard JL. Iron biology in immune function, muscle 
metabolism and neuronal functioning. J Nutr. 2001; 

http://www.jnephropharmacology.com


Journal of Nephropharmacology, Volume x, Issue x, 2022 http://www.jnephropharmacology.com6 

Hajian S et al

131:568S-80S. doi: 10.1093/jn/131.2.568S. 
13. Esan MO, van Hensbroek MB, Nkhoma E, Musicha C, 

White SA, Ter Kuile FO, et al. Iron supplementation in HIV-
infected Malawian children with anemia: a double-blind, 
randomized, controlled trial. Clin Infect Dis. 2013;57:1626-
34. doi: 10.1093/cid/cit528. 

14. Cassat JE, Skaar EP. Iron in infection and immunity. 
Cell Host Microbe. 2013;13:509-19. doi: 10.1016/j.
chom.2013.04.010. 

15. Hallquist NA, McNeil LK, Lockwood JF, Sherman AR. 
Maternal-iron-deficiency effects on peritoneal macrophage 
and peritoneal natural-killer-cell cytotoxicity in rat pups. 
Am J Clin Nutr. 1992;55:741-6. doi: 10.1093/ajcn/55.3.741. 

16. Jones SM, Ravani P, Hemmelgarn BR, Muruve D, MacRae 
JM. Morphometric and biological characterization of 
biofilm in tunneled hemodialysis catheters. Am J Kidney 
Dis. 2011;57:449-55. doi: 10.1053/j.ajkd.2010.10.053. 

17. Engemann JJ, Friedman JY, Reed SD, Griffiths RI, Szczech 
LA, Kaye KS, et al. Clinical outcomes and costs due to 
Staphylococcus aureus bacteremia among patients receiving 
long-term hemodialysis. Infect Control Hosp Epidemiol. 

2005;26:534-9. doi: 10.1086/502580. 
18. Danese MD, Griffiths RI, Dylan M, Yu HT, Dubois R, 

Nissenson AR. Mortality differences among organisms 
causing septicemia in hemodialysis patients. Hemodial Int. 
2006;10:56-62. doi: 10.1111/j.1542-4758.2006.01175.x. 

19. Ştefan G, Stancu S, Căpuşă C, Ailioaie OR, Mircescu 
G. Catheter-related infections in chronic hemodialysis: 
a clinical and economic perspective. Int Urol Nephrol. 
2013;45:817-23. doi: 10.1007/s11255-012-0244-7. 

20. Martin K, Lorenzo YSP, Leung PYM, Chung S, O’flaherty E, 
Barker N, et al, editors. Clinical Outcomes and Risk Factors 
for Tunneled Hemodialysis Catheter-Related Bloodstream 
Infections. Open Forum Infectious Diseases. Oxford 
University Press US; 2020.

21. Jean G, Charra B, Chazot C, Vanel T, Terrat JC, Hurot JM, 
et al. Risk factor analysis for long-term tunneled dialysis 
catheter-related bacteremias. Nephron. 2002;91:399-405. 
doi: 10.1159/000064279. 

22. Nabi Z, Anwar S, Barhamein M, Al Mukdad H, El Nassri A. 
Catheter related infection in hemodialysis patients. Saudi J 
Kidney Dis Transpl. 2009;20:1091. 

Copyright © 2022 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://www.jnephropharmacology.com

