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Aim: To determine all-cause mortality rate and the predictive value of plasma ferritin and total iron-binding capacity (TIBC)
concentrations for mortality during the first 3 years of hemodialysis in patients with end-stage chronic renal disease (ESRD).
Methods: We conducted a study on 174 ESRD patients (estimated Glomerular Filtration Rate < 15 mL/min/1.73m?). The plasma
TIBC level was quantified by the ELISA method in all patients at the time before hemodialysis. Based on TIBC concentration, patients
were divided equally into 2 groups. Each group had 87 patients. Patients were initiated on hemodialysis, and patients who died from
any cause during the first 3 years of hemodialysis were recorded.

Results: The all-cause mortality rate of ESRD patients in the first 3 years of maintenance hemodialysis was 22.9%. Plasma high hs-
CRP, high ferritin, and low TIBC concentrations were independent factors associated with all-cause mortality in the patients. Plasma
ferritin (cut-off value = 454.2 ng/L) and TIBC (cut-off value = 39.84 umol/L) were predictors of all-cause mortality, AUC is: 0.772;
0.723, p < 0.001.

Conclusion: Plasma ferritin and TIBC were good predictors of all-cause mortality in ESRD patients during the first 3 years of
hemodialysis.

Keywords: end-stage chronic renal disease, plasma TIBC, plasma ferritin, mortality prediction, the first 3 years of maintenance
hemodialysis

Introduction
Chronic anemia is common in patients with chronic kidney disease (CKD). The incidence and severity of anemia
increase as CKD progresses to more severe stages.' The main cause of renal anemia is low erythropoietin (EPO) levels
and/or reduced EPO receptor activity.”> Besides, iron deficiency is also one of the causes of anemia in CKD patients.
Iron deficiency can occur due to low iron stores (absolute iron deficiency) or due to relative deficiency (functional iron
deficiency).* Serum ferritin and transferrin saturation (TSAT) are two indices used clinically to evaluate iron status in
CKD patients, in which TSAT is calculated as free iron over TIBC.>

Ferritin binds iron as an iron complex, into which iron moves in and out, acting as an iron storage site.” Cytoplasmic
ferritin synthesis is stimulated by increased iron intake, which is decreased by iron deficiency. In maintenance
hemodialysis patients, changes in serum ferritin are considered factors related to mortality, especially excessive iron
supplementation therapy, which increases ferritin levels, leading to high mortality.* Not only ferritin, low TIBC has
been shown to be associated with iron deficiency, protein-energy wasting (PEW), inflammation, poor quality of life, and
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high mortality in maintenance hemodialysis (MHD) patients.'®'? Chronic kidney disease progresses silently, if not
detected early or regularly monitored, the disease will progress to end-stage chronic renal disease (ESRD). Reality in
Vietnam shows that many hospitalized patients have been diagnosed with ESRD, and are indicated to replace kidneys
with maintenance hemodialysis; peritoneal dialysis or kidney transplant.'®> These patients often have severe organ
disorders, leading to poor treatment prognosis. Hemodialysis outcomes and mortality in the first 3 years of MHD have
been proven to be related to many factors."*'> In this study, we hypothesize that high plasma ferritin and low TIBC
levels at the time patients are diagnosed with CKD stage 5 predict all-cause mortality in the first 3 years of MHD.

Patients and Methods

Patients

The study was conducted on 279 patients diagnosed with CKD stage 5 (¢GFR < 15 mL/min/1.73m?) at Military Hospital 103
and Transport Hospital, Hanoi, Vietnam, from January 2016 to January 2020. So that previous treatment of chronic kidney
disease does not affect the research results, we selected for study patients who met the following criteria: Age 18 or older. The
patient was first diagnosed with ESRD. The patient had previously been diagnosed with chronic kidney disease but had not
received any treatment. We excluded patients who are pregnant or breastfeeding. The patient does not have enough time for
continuous hemodialysis for 3 years. Patients who had acute infections or cancer at the time of blood collection for tests were
also excluded from this study. The remaining 174 patients with CKD stage 5 were treated with maintenance hemodialysis and
were provided written informed consent prior to participation in our study. We collected all data on clinical characteristics and
laboratory parameters at the baseline time of the study (The time when the patient is admitted to the hospital within 2448
hours, has not received any treatment).

Fasting venous blood was taken to do a blood formula, and plasma was taken to quantify biochemical indicators, CRP-hs, iron,
and ferritin. CRP-hs was estimated quantitatively using solid-phase ultrasensitive enzyme immunoassay. Plasma ferritin was
quantified by the electrochemical immunoluminescence method. Plasma TIBC was determined by using a Diagnosis-Related
Group (DRG) TIBC (bioactive) enzyme-linked immunosorbent assay (ELISA) kit, a solid phase ELISA, based on the principle of
competitive binding. We divided all patients into 2 equal groups due to the plasma TIBC concentration: Tertile 1 (n = 87) with
plasma TIBC concentration < 42.19 pmol/L and Tertile 2 (n=87) with plasma TIBC concentration > 42.19 pmol/L.

Causes of chronic kidney disease such as chronic glomerulonephritis, chronic pyelonephritis, gout, lupus, and
polycystic kidney disease were diagnosed according to the recommendations of KDOQI 2002.'® Diabetes mellitus was
identified according to either a physician’s diagnosis, antidiabetic drug treatment, or 2 subsequent analyses demonstrating
fasting blood glucose levels of >126 mg/dL or > 7.0 mmol/L. Hypertension was defined as the regular use of
antihypertensive drugs for controlling blood pressure or at least 2 blood pressure measurements of > 140/90 mm Hg.
Anemia was diagnosed as hemoglobin < 130 g/L for males or < 120 g/L for females.’

The patients received hemodialysis three sessions per week using low-flux filter reuse (Polyflux 14L), each session lasting
from 3.5 to 4.5 hours, aiming to achieve the goal of Kt/V > 1.2, calculated according to the formula of Daugirdas.'” Patients
were controlled blood glucose during the hemodialysis and treated for anemia, hypertension and other disorders as the
Ministry of Health of Vietnam recommends. All patients were followed up for 36 months to determine all-cause mortality.

Statistical Analyses

All the normal distribution continuous data were represented by mean and standard deviation and were analyzed by
Student’s ¢-test. All the skewed distributions were described by median (25 percentile — 75 percentile), analyzed by Mann
Whitney U-test and Kruskal Wallis test. Categorical data were presented by the frequency with percentage and were
analyzed using the Chi-square test. The receiver operating characteristic (ROC) curves with the area under the curve
(AUC) were calculated to predict all-cause mortality of the patients after a 3-year follow-up. Multivariate adjusted
regression analysis was performed to identify the predictor of all-cause mortality. Survival curves were assessed using the
Kaplan—Meier analysis and evaluated using the Log rank test. Statistical analysis was performed using Statistical
Package for Social Science (SPSS) version 20.0 (Chicago, IL, USA) with a p-value <0.05 was considered significant.
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Results
The results in Table 1 show that age and plasma ferritin level in Tertile 1 was significantly higher compared with those of
Tertile 2, p= 0.003 and 0.005. On the contrary, eGFR and plasma TIBC concentrations in Tertile 1 were significantly
lower compared with those of Tertile 2, p= 0.004 and < 0.001. The all-cause mortality rate was 22.9%, of which Tertile 1
was significantly higher than Tertile 2, p < 0.001.

The results in Table 2 show that old age, diabetic-cause of kidney failure, low hemoglobin and albumin levels, and
increased hs-CRP were associated with mortality with p < 0.05.

The multivariate logistic regression results in Table 3 show that plasma hs-CRP, ferritin, and TIBC were independent
factors associated with all-cause mortality in maintenance hemodialysis patients during the first 3 years.

Plasma ferritin and TIBC were good predictors of all-cause mortality in maintenance hemodialysis patients during the
first 3 years based on the ROC curve model in Figure 1

Figure 2 shows Kaplan—Meier analysis for all-causes mortality of 174 maintenance hemodialysis patients during the
first 3 years, classified according to groups of plasma TIBC concentrations. Patients in the higher group of TIBC
concentrations (blue line: T2) exhibited a significantly lower death rate compared to that of lower plasma TIBC
concentrations (red line: T1) (Log rank test, p< 0.001).

Table | Clinical Characteristics and Laboratory Parameters of the Studied Patients

Total (n=174) Tertile | Tertile 2 P
(TIBC < 42.19 pmol/L), | (TIBC > 42.19 pmol/L),

(n=87) (n=87)
Ages (years) 52.73 £ 15.78 56.20 £ 16.79 49.25 £ 13.95 0.003
Male (n, %) 129 (74.1) 67 (77) 62 (71.3) 0.387
BMI (kg/m?) 19.89 + 3.31 19.55 + 4.19 20.23 + 2.08 0.177
Etiology (n,%)
- CGN 71 (40.8) 28 (32.2) 43 (494) 0.139
- CPN 33 (19.0) 18 (20.7) 15 (17.2)
- Diabetes 42 (24.1) 24 (27.6) 18 (20.7)
- Hypertension 17 (9.8) I (12.6) 6 (6.9)
- Gout 529 4 (4.6) I (1.1)
- PKD 4 (23) 2 (23) 2 (23)
- Lupus 2 (1.1 0 (0) 2 (23)
Hemoglobin (g/L)
Mean 89.83 £ 17.32 88.97 + 18.96 90.69 + 15.56 0.515
Anemia (n,%) 169 (97.1) 86 (98.9) 83 (95.4) 0.956
Plasma urea (mmol/L) 31 (23.6-37.82) 29.4 (23.6-38.5) 31.8 (25.5-37.4) 0.475
Plasma creatinine (umol/L) 677 (549-983) 760 (506—-1010) 666 (581-861) 0.646
Plasma protein (g/L) 67.60 + 8.74 67.24 £ 9.09 67.95 + 8.42 0.595
Plasma albumin (g/L) 35.08 + 470 34.14 £ 491 36.02 + 4.31 0.008
Plasma cholesterol (mmol/L) 3.97 (3.2-5.2) 3.9 (3.2-4.85) 4.0 (3.2-5.4) 0.457
Plasma triglyceride (mmol/L) 1.6 (1.2-2.5) 1.6 (1.2-2.1) 1.62 (1.27-2.6) 0.291
Plasma LDL-C (mmol/L) 2.70 + 0.86 2.62 £ 0.77 2.78 £ 0.93 0.220
Plasma HDL-C (mmol/L) 1.05 (0.8-1.2) 0.9 (0.64-1.2) 1.07 (0.82-1.2) 0.176
Plasma acid uric (umol/L) 575 (470-707.75) 550 (463-733) 589 (492-699) 0.128

(Continued)
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Table | (Continued).
Total (n=174) Tertile | Tertile 2 P
(TIBC < 42.19 pmol/L), | (TIBC = 42.19 pmollL),
(n=87) (n=87)

Plasma hs-CRP (mg/L) 1.65 (0.6-2.7) 2.1 (0.8-2.7) 1.3 (0.6-2.7) 0.14
Plasma iron (umol/L) 10.2 (6.37-13) 10.2 (6.7-13) 9.8 (5.9-12.8) 0.289
Plasma ferritin (ng/mL) 480.93 (221.61-567.87) 518.6 (403.72-575.39) 378.69 (221.61-556.97) 0.005
eGFR (mL/min/1.73m?) 7.64 (5.55-10.38) 6.47 (4.95-9.57) 8.68 (6.01-10.73) 0.004
Plasma TIBC (umol/L) 42.19 (34.42-53.84) 345 (32.1-35.7) 53.8 (47.91-69.75) < 0.001
Mortality (n,%) 40 (22.9) 33 (37.9) 7 (8.1) < 0.001

Note: Bold value: significant difference.

Abbreviations: TIBC, Total Iron-Binding Capacity; BMI, Body Mass Index; CGN, Chronic Glomerulonephritis; CPN, Chronic Pyelonephritis; PKD, Polycystic
Kidney Disease; LDL-C, Low-Density Lipoprotein Cholesterol; HDL-C, High-Density Lipoprotein Cholesterol; hs-CRP, high sensitive-C Reactive Protein;
eGFR, estimated Glomerular Filtration Rate.

Table 2 Comparison of Clinical Characteristics and Laboratory Parameters of Death

Group and Survival Group

Characteristics Mortality, (n=40) Survival, (n=134) p

Ages (years) 69.3 £ 9.7 47.78 £ 13.76 <0.001

Male (n, %) 32 (80) 97 (72.4) 0.335

BMI (kg/m?) 20.68 + 2.36 19.65 + 3.52 0.084

Etiology (n,%)

- CGN 8 (20) 63 (47) 0.01

- CPN 7 (17.5) 26 (19.4)

- Diabetes 15 (37.5) 27 (20.1)

- Hypertension 8 (20) 9 (6.7)

- Gout 1 (2.5) 4 (3.0

- PKD 1 (2.5) 3(22)

- Lupus 0 (0) 2 (1.5)

Hb (g/L)

Mean 85.56 + 12.18 9l.11 £18.42 0.029

Anemia (n,%) 40 (100) 132 (98.5) 1.000

Plasma urea (mmol/L) 28.65 (23.6-37.6) 31.25 (24.15-38.7) 0.254

Plasma creatinine (umol/L) 740.5 (418.75-983) 666 (549-983) 0.585

Plasma protein (g/L) 66.31 +7.68 67.98 + 9.03 0.290

Plasma albumin (g/L) 32.89 £ 521 35.73 + 435 0.001

Plasma cholesterol (mmol/L) 4.0 (3.15-5.2) 3.93 3.2-5.12) 0.976

Plasma triglyceride (mmol/L) 1.65 (1.15-2.1) 1.55 (1.2-2.52) 0.762

Plasma LDL-C (mmol/L) 2.56 + 0.78 2.74 £ 0.88 0.255

Plasma HDL-C (mmol/L) 0.88 (0.61-1.3) 1.07 (0.8-1.2) 0.085

Plasma acid uric (umol/L) 547 (470-634) 580.5 (470-738.75) 0.150
(Continued)
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Table 2 (Continued).

Characteristics Mortality, (n=40) Survival, (n=134) P
Plasma hs-CRP (mg/L) 2.55 (1.42-2.87) 1.3 (0.5-2.7) 0.001
Plasma iron (umol/L) 10.2 (6.93-13.0) 9.81 (6.0-12.8) 0.397
Plasma ferritin (ng/mL) 551.8 (485.96-608.72) | 439.39 (219.01-550.28) <0.001
eGFR (mL/min/1.73m?) 6.53 (5.02-9.57) 7.9 (5.55-10.7) 0.149
Plasma TIBC (umol/L) 34.35 (31.68-38.42) 45.37 (35.37-56.48) <0.001

Note: Bold value: significant difference.
Abbreviations: BMI, Body Mass Index; CGN, Chronic Glomerulonephritis; CPN, Chronic Pyelonephritis; PKD,
Polycystic Kidney Disease; LDL-C, Low-Density Lipoprotein Cholesterol; HDL-C, High-Density Lipoprotein
Cholesterol; hs-CRP, high sensitive-C Reactive Protein; eGFR, estimated Glomerular Filtration Rate; TIBC, Total

Iron-Binding Capacity.

Table 3 Result of Multivariate Logistic Regression Analysis

Showing Independent Factors Relating to All-Cause
Mortality of Maintenance Hemodialysis Patients During
3 Years
Variable Odds ratio 95% CI P
hs-CRP (mg/L) 1.53 1.003-2.333 0.049
Ferritin (ng/L) 1.004 1.001-1.007 0.01
TIBC (umol/L) 0917 0.871-0.965 0.001

Note: Bold value: significant difference.
Abbreviations: hs-CRP, high sensitive-C Reactive Protein; TIBC, Total
Iron-Binding Capacity.

Discussion
Ratio of All-Cause Mortality in Maintenance Hemodialysis Patients During the First 3

Years

Our study showed that the all-cause mortality rate in the first 3 years of hemodialysis was 22.9% (Table 1). The all-cause
mortality rate in MHD patients and related factors are always a matter of concern, as evidenced by many recently published
studies. Preciado et al studied 842 MHD patients, follow-up time (average 30.8 months), and mortality rate was 29.6% (249/
842 patients). Multivariate logistic regression analysis showed that relative blood volume is an independent and significant
predictor of mortality.'® Erdem et al conducted a study on 173 MHD patients, investigating the relationship between all-cause
mortality and serum ferritin levels. Research results showed that, after 5 years of follow-up (average follow-up time is 38
months), 47% of patients died (81/173 patients)."® Liu et al reported an all-cause mortality rate in their study of 37.15% (188/
506 MHD patients), with a median follow-up of 60 months.?® Thus, death is a fairly common event in MHD patients, with
different rates depending on the follow-up time and patient characteristics studied. Another point in our study is that all 174
patients had their data taken before the first hemodialysis session and were fully monitored during the first 3 years of
hemodialysis. Therefore, the all-cause mortality rate in our study is lower than in other studies.

Some Related Factors Predict All-Cause Mortality in Maintenance Hemodialysis

Patients During the First 3 Years
Ma L and Zhao S performed a meta-analysis of 23 studies with 86,915 MHD patients, showing that multiple markers and
factors influence the risk of mortality and cardiac death in the patients.”' Risk factors highly consistent across studies
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Figure | Receiver operating characteristics (ROC) curves of plasma TIBC, ferritin, hs-CRP, and albumin for predicting all-cause mortality of maintenance hemodialysis
patients in the first 3 years. TIBC: AUC = 0.772; p < 0.001; cut-off value = 39.84 pmol/L; Sensitivity = 82.5%; Specificity = 64.2%. Ferritin: AUC = 0.723; p < 0.001; cut-off
value = 454.2 ng/L; Sensitivity = 85%; Specificity = 55.2%. hs-CRP: AUC = 0.681; p = 0.001; cut-off value = 1.05 mg/L; Sensitivity = 90%; Specificity = 43.3%. Albumin: AUC =
0.646; p = 0.005; cut-off value = 31.45 g/L; Sensitivity = 40%; Specificity = 84.3%.

were advanced age, low BMI, and high plasma CRP. In addition, there were other risk factors that most studies agree on:
malnutrition, diabetes, patients with a history of cardiovascular disease, and iron overload. In our study, increased plasma
hs-CRP, ferritin, and decreased TIBC were independent factors associated with all-cause mortality in ESRD patients
undergoing the first 3 years of maintenance hemodialysis (Table 2). Plasma TIBC and ferritin had good predicting values
for all-cause mortality in this group of patients, with AUC of 0.772; 0.723, p < 0.001 (Figure 1). At the time of the study,
we had excluded all patients with signs of infection, so increased plasma hs-CRP in our patients with end-stage chronic
kidney disease represents non-infectious chronic inflammatory reactions. Atherosclerosis is a common event in ESRD
patients, and it often increases when the cause of CKD is diabetes. Atherosclerosis releases proinflammatory cytokines
and other substances that cause inflammation and endothelial dysfunction, including hs-CRP. Therefore, increased
plasma hs-CRP was found in a significant proportion of ESRD patients (20% to 65%) and had a predictive value for
mortality in CKD patients with and without maintenance hemodialysis.*'** Anemia in ESRD patients is related to many
factors, including iron. Iron deficiency will lead to anemia because iron is a necessary red blood cell-forming ingredient.
However, iron overload (indicated by increased plasma ferritin) is also a factor causing anemia in ESRD patients. Excess
iron in the body acts as an oxidative stress agent, which can convert less reactive free radicals into more reactive
hydroxyl radicals. Serum ferritin levels increase in an inflammatory environment. In CKD patients with inflammation,
ferritin will increase more than in CKD patients without inflammation,> causing more energy consumption and reduced
body resistance, easily linked to death. In hemodialysis patients, a positive association with increased serum ferritin
levels and mortality was also observed.?*

Besides ferritin, plasma TIBC was also a good factor in predicting all-cause mortality in MHD patients during the first
3 years. In particular, we found that decreased plasma TIBC will be associated with increased mortality in these patients,
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Figure 2 Kaplan—Meier analysis of all-causes mortality of maintenance hemodialysis patients, classified according to plasma TIBC concentrations in 2 Tertiles (36 months).

p < 0.001 (Figure 2). In subjects who had been on maintenance hemodialysis for at least 8 weeks (mean hemodialysis
duration was 31 + 34 months), followed for 63 months, Bross et al found low serum TIBC concentrations related to
mortality at the study time.'" Our findings may suggest that, in addition to hs-CRP and ferritin, plasma TIBC may help
identify ESRD patients entering hemodialysis who are at risk of death during the first 3 years of hemodialysis, especially
patients with plasma TIBC level < 39.84 umol/L. Like other authors, the cause of death in our MHD patients is mainly
related to cardiovascular events and infections including: coronary artery disease, stroke, sepsis. (data are not shown).
These diseases often appear in patients with MIA (Malnutrition, Inflammation, Atherosclerosis) syndrome. It is clear that
increased hs-CRP and ferritin increase inflammation, decreased TIBC also represents malnutrition in ESRD patients.''*'?

In this study, we realize that there are some limitations as follows: Because we only selected patients who were
diagnosed for the first time and have not been treated, the study sample size is small, so the results are uncertain.
Research indicators are not abundant, most of them are commonly used clinical indicators.

Conclusion

The all-cause mortality rate of ESRD patients in the first 3 years of maintenance hemodialysis was 22.9%. Plasma high
hs-CRP, high ferritin, and low TIBC concentrations were independent factors associated with all-cause mortality in the
patients. Plasma ferritin and TIBC were good predictors of all-cause mortality.
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