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Iron metabolism in hemodialyzed patients – a story 
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A b s t r a c t

Introduction: All living organisms have evolved sophisticated mechanisms 
to maintain appropriate iron levels in their cells and within their body. Re-
cently our understanding of iron metabolism has dramatically increased. 
Overt labile plasma iron (LPI) represents a component of non-transferrin 
bound iron (NTBI) that is both redox active and chelatable, capable of per-
meating into organs and inducing tissue iron overload. The LPI measures the 
iron-specific capacity of a given sample to produce reactive oxygen species. 
We studied for the first time NTBI correlations with markers of iron status 
and inflammation in prevalent hemodialyzed patients.
Material and methods: Complete blood count, urea, serum lipids, fasting 
glucose, creatinine, ferritin, serum iron, total iron binding capacity (TIBC) 
were studied by standard laboratory method. The NTBI was assessed com-
mercially available kits from Aferrix Ltd in Tel Aviv, Israel. A test result of 0.6 
units of LPI or more indicates a potential for iron-mediated production of 
reactive oxygen species in the sample.
Results: Patients with LPI units ≥ 0.6 had higher serum iron, erythropoiesis 
stimulating agents (ESA) dose, ferritin, high-sensitivity C-reactive protein 
(hsCRP), hepcidin and lower hemojuvelin. In hemodialyzed patients NTBI 
correlated with hsCRP (r = 0.37, p < 0.01), ferritin (r = 0.41, p < 0.001), IL-6  
(r = 0.43, p < 0.001). In multivariate analysis predictors of NTBI were hemo-
globin and alkaline phosphatase, explaining 58% of the variability 
Conclusions: Elevated NTBI in HD may be due to disturbed iron metabolism. 
Anemia and liver function might also contribute to the presence of NTBI in 
this population.

Key words: iron metabolism, non-transferrin-bound iron, hemodialysis, 
anemia, hepcidin, ferritin, inflammation.

Introduction

Before the era of erythropoietin stimulating agents, blood transfusion 
and iron administration were the major approaches to combat anemia 
in dialyzed patients; therefore we faced the problem of secondary iron 
overload. The overload appears as excess iron in the serum and is collec-
tively known as non-transferrin-bound iron (NTBI) [1]. This is in excess of 
the iron binding capacity of transferrin, resulting in its binding to various 
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proteins and other putative ligands in the circula-
tion. A NTBI levels vary between 1 and 10 μM in 
overloaded patients [1]. Studies have also shown 
that in hemochromatosis patients, NTBI is present 
in spite of incomplete transferrin saturation [2]. 
Therefore, these classical parameters might not 
provide an accurate picture of the iron status of 
patients. For this reason, it is important to moni-
tor and accurately quantify the NTBI fraction. Al-
though iron status and iron deficiency have been 
extensively studied in dialyzed iron recipients, 
there have been a  few reports on NTBI [3–6]. In 
hemodialysis (HD) patients, iron supplementation 
is frequent to ensure adequate iron stores for 
erythropoiesis and to maintain target hemoglobin. 
The source of NTBI in hemodialysis is not only in-
travenous iron therapy, but also the hemodialysis 
procedure per se. It may be due to microhemolysis 
during hemodialysis. The NTBI is, however, found 
to be catalytically inactive. However, the nature of 
NTBI was not clear in the dialysis population, but 
there was good evidence to suggest that it was 
neither heme nor ferritin bound iron [7, 8]. It is 
believed that free iron is potentially toxic, possi-
bly leading to free radical generation with further 
consequences [9]. Therefore, the measurement 
of NTBI could serve as an early marker for tissue 
damage induced by reactive oxygen species. How-
ever, NTBI did not correlate with serum ferritin 
and oxidative markers [4] or with lipid peroxides 
[6]. We studied for the first time NTBI correlations 
with markers of iron status and inflammation in 
prevalent hemodialyzed patients. We also looked 
at NTBI in relation to comorbidities such as diabe-
tes, and hepatitis B and C.

Material and methods

We conducted a  cross-sectional, single center 
study. Fifty-three hemodialyzed patients (25 fe - 
males) with overall mean age of 65 ±16 years 
were included in this study. Mean time on dialyses 
was 51 months. The causes of end-stage renal dis-
ease were diabetic nephropathy (n = 10), chronic 
glomerulonephritis (n = 18), autosomal dominant 
polycystic kidney disease (n = 6) and others or un-
known (n = 19). There were 13 patients with HCV 
positive status and 5 with HBV positive status. 

All the dialyzed patients met the following cri-
teria: a  stable clinical state, C-reactive protein 
(CRP) below 6 mg/l (using the qualitative method 
for screening), no oral contraception in women of 
child-bearing age, stable and no more than twice 
the normal alanine and aspartate aminotranspher-
ases (ALT, ASP) activities, no evidence of blood loss 
other than that related to dialysis during the last 
6 months, and no cause of anemia other than re-
nal. None of the patients investigated had received 
blood transfusions for at least 1.5 months and no 

drugs known to affect platelet function and co-
agulation were administered for at least 2 weeks 
prior to the study (except heparin during a hemo-
dialysis session). The study was approved by the 
Ethic Committee. All the patients were on chronic 
maintenance hemodialyses (three times a  week 
for 4–4.5 h per hemodialysis procedure). All the pa-
tients were given ESA (epoetin a or darbepoetin a) 
for at least 6 months and a maintenance dose of i.v. 
iron (iron sucrose, median dose 100 mg per week). 
All HD patients were receiving treatment with poly-
sulfone membranes and bicarbonate-based dialy-
sate with heparinization. Blood was drawn without 
stasis in the morning when patients appeared for 
routine office assessment after an overnight fast, 
to avoid circadian variations. The following bio-
chemical parameters were assessed: complete 
blood count, serum iron, total iron binding capacity, 
ferritin, CRP, total protein, lipids, alanine and aspar-
tate aminotransferases, alkaline phosphatase, uric 
acid, and glucose by means of standard laboratory 
methods in the central laboratory. 

Non-transferrin-bound iron was assessed using 
a FeROS eLPI kit (a fluorescence-based assay in-
tended for the in vitro semi-quantitative detection 
of both overt and cryptic redox-active forms of 
NTBI) by Aferrix Ltd in Tel Aviv, Israel. LPI levels less 
than 0.4 were considered as negative. A test result 
of more than 0.6 units of eLPI indicates a poten-
tial for iron-mediated production of reactive oxy-
gen species in the sample. Results of 0.4–0.6 eLPI 
units are considered as low positive. High-sensi-
tivity CRP was studied using kits from American 
Diagnostica, Greenwich, CT, USA. Soluble transfer-
rin receptor (sTfR), interleukin-6 (high-sensitivity), 
and tumor necrisis factor-a (TNF-a) were studied 
using kits from R&D (Abington, UK). Hepcidin 
was measured using an assay from Bachem, UK, 
hemojuvelin from Uscn Life Sci, Wuhan, China.

Statistical analysis

Data were expressed as means ± SD or medi-
an and interquartile ranges. The data given were 
analyzed using Statistica 10.0 computer software 
(Tulsa, OK, USA). The examination of the distri-
bution normality of variables was done using the 
Shapiro-Wilk W test. The Mann-Whitney rank sum 
U test or Student t test was used to compare dif-
ferences between groups, with p < 0.05 consid-
ered statistically significant. Multiple regression 
analysis was used to determine independent 
factors affecting the dependent variable. Factors 
showing linear correlations with NTBI (p < 0.1) 
were included in the analysis.

Results 

Labile plasma iron ≥ 0.6 units was found in  
19 out of 53 (36%) hemodialyzed patients. Medi-
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an number of LPI units was 0.3 (mean 0.9), with 
a range of 0.0–11.0 units. Clinical and biochemical 
characteristics of hemodialyzed patients are giv-
en in Table I, while iron status and inflammatory 
markers are presented in Table II. Patients with 
LPI units ≥ 0.6 had higher serum iron, ESA dose, 
ferritin, hsCRP and hepcidin, and lower hemojuv-

elin (Table II). In hemodialyzed patients, NTBI cor-
related with presence of diabetes (r = 0.30, p < 
0.05), hemoglobin (r = –0.31, p < 0.05), hsCRP (r = 
0.36, p < 0.01), ferritin (r = 0.31, p < 0.05), alkaline 
phosphatase (r = 0.51, p < 0.01), alanine amino-
transferase (r = 0.51, p < 0.01), aspartate amino-
transferase (r = 0.43, p < 0.01), serum glucose (r = 

Table I. Clinical and biochemical characteristics of hemodialyzed patients with NTBI values

Parameter NTBI ≥ 0.6 eLPI units NTBI < 0.6 eLPI units

Age [years] 65.63 ±12.03 63.76 ±18.39

Time on HD [months] 37 (20–84) 35 (8–65)

Hemoglobin [g/dl] 10.76 ±1.47 11.16 ±1.26

Erythrocyte count [× 1012/l] 3.55 ±0.55 3.66 ±0.54

MCHC [pg] 30.18 ±1.80 30.89 ±0.85*

Leukocyte count [× 103/l] 5.69 ±1.65 6.21 ±1.96

Platelet count [× 106/l] 193.22 ±62.29 184.39 ±62.80

Glucose [mg/dl] 136.95 ±96.03 120.41 ±51.70

Uric acid [mg/dl] 4.47 ±1.61 4.50 ±0.84

Total protein [g/dl] 6.42 ±0.56 6.76 ±0.53*

Albumin [g/dl] 3.71 ±0.36 3.95 ±0.37*

Total cholesterol [mg/dl] 237.26 ±39.92 238.44 ±39.38

HDL [mg/dl] 42.89 ±16.51 46.25 ±14.91

Triglycerides [mg/dl] 139.26 ±57.35 139.69 ±90.88

Alkaline phosphatase [U/l] 110.5 (78.5–149) 92 (73–140)

Aanine aminotransferase [U/l] 16 (11–18) 14.5 (10–19.5)

Aspartate aminotransferase [U/l] 17 (14–22) 17 (13.5–19)

Data given are means ± SD, or medians and interquartile ranges, *p < 0.05.

Table II. Iron status and inflammatory markers of hemodialyzed patients with NTBI values

Parameter NTBI ≥ 0.6 eLPI units NTBI < 0.6 eLPI units

hsCRP [mg/l] 8.86 (1.81–12.48) 5.82 (1.81–9.80)**

TNF-a [pg/ml] 6.15 (0.1–14.01) 5.94 (0.1–8.92)

IL-6 [pg/ml] 2.82 (0.1–6.16) 0.57 (0.1–2.96)***

Fibrinogen [mg/dl] 364.16 ±73.13 323.65 ±80.94*

Erythropoietin dose [U/week] 7235 ±2772 4939 ±3630*

sTfR [nmol/l] 42.63 ±16.43 34.77 ±14.71*

Iron [μg/dl] 76.14 ±29.14 57.06 ±25.40*

TIBC [μg/dl] 282.00 ±58.29 247.69 ±59.86*

Ferritin [ng/ml] 401.7 (114.1–704.6) 303 (11.4–492.2)**

Hepcidin [ng/ml] 26.65 ±12.98 20.18 ±14.16

Hemojuvelin [ng/ml] 1.37 ±0.93 2.72 ±1.84*

Data given are means ± SD, or medians and interquartile ranges, *p < 0.05, **p < 0.01, ***p < 0.001.
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0.27, p < 0.05), HDL (r = –0.29, p < 0.05), and IL-6 
(r = 0.42, p < 0.001). In multivariate analysis pre-
dictors of NTBI were hemoglobin (b value –0.27,  
p = 0.0027) and alkaline phosphatase (b value 
0.42, p = 0.004), explaining 58% of the variability. 
F = 98, p < 0.00046 and SE was 1.44. The 10 dia-
betic patients in our population had higher NTBI 
than nondiabetic patients (Figure 1). Moreover, 
13 anemic patients (with anemia defined as he-
moglobin below 10 g/dl) had higher NTBI relative 
to nonanemic patients (0.6; 0.4–1.2 eLPI units, 
vs. 0.2; 0.0–0.8 eLPI units, p < 0.05) as well as 13 
HCV positive patients versus HCV negative ones 
(0.5; 0.3–1.0 eLPI units vs, 0.25; 0.0–0.7 eLPI units,  
p < 0.05). 

Discussion

There are few studies of LPI, or other related 
iron species classified as NTBI, in end-stage renal 
disease (ESRD) patients [3–6, 10]. In our cohort 
we found that LPI ≥ 0.6 units was found in 19 
out of 53 patients (36%), whereas LPI ≥ 0.4 units 
was found in 22 out of 53 hemodialyzed patients 
(42%). In a cohort of dialysis patients at a single 
center, up to 20% of the patients tested were pos-
itive for LPI (with the cut-off point of 0.5 LPI units) 
[5]. In the study of Prakash et al. [4], NTBI as well 
as ferritin were significantly higher in 22 hemo-
dialyzed patients not on intravenous iron therapy 
than in 24 patients with chronic kidney disease 
and 20 normal controls. Driss et al. [3] studied 
65 hemodialyzed patients; 20 patients received 
weekly infusions of iron polymaltose (Maltofer), 
whereas 45 patients had been off iron therapy for 
more than 2 months. Then they investigated 12 
patients during two consecutive HD sessions, one 
session without and one session with infusion 
of 100 mg of Maltofer over 4 h [3]. They found 
that NTBI was detected in 41% of the patients 
and the proportion of NTBI-positive patients was 
the same whether or not they received iron ther-
apy. Thus, the prevalence of NTBI positivity was 

very similar to our studied population. In fact, it 
has been shown previously in a Dutch cohort of 
hemodialysis patients that NTBI was detectable 
and that treatment with iron saccharate leads 
to a  fivefold increase [9]. This strongly suggests 
that intravenous iron is important in the genera-
tion of NTBI [10]. In our previous study on kidney 
transplant patients, NTBI was related to ferritin 
[11]. In all heart transplant recipients, NTBI was 
negative [12]. Dresow et al. [13] described for the 
first time the occurrence of NTBI after oral iron 
medication in subjects with iron deficiency ane-
mia. Values for NTBI found in plasma were similar 
to those reported in iron overload diseases [14]; 
however, in all subjects transferrin saturation was 
far below 100% [14]. The term LPI is an operation-
al definition for non-transferrin-bound iron (NTBI), 
and denotes all iron in the plasma that is loosely 
bound and hence may have redox-active poten-
tial. The NTBI is associated with reactive oxygen 
species formation. The LPI is usually not observed 
in healthy individuals. Esposito et al. [5] did not 
detect LPI in healthy controls in their study, as we 
also did not in our previous study [12]. They sug-
gested that increased frequency of LPI-positive 
ESRD patients is probably indicative of impaired 
iron metabolism. Whether LPI is a sign of ‘cryptic’ 
or overt iron overload in these patients was not 
clear. They also stressed that the diagnostic value 
of serum ferritin was limited and, accordingly, they 
found that it failed to show any correlation with 
LPI [5]. 

The univariate correlation between NTBI and 
markers of inflammation, including ferritin, sup-
ports the role of iron in the pathogenesis of infec-
tion/inflammation, as elegantly reviewed recently 
[15]. The relation between iron and inflammation 
might also explain the fact that anemic patients 
had higher NTBI relative to nonanemic patients. In 
our study, we found that predictors of NTBI were 
hemoglobin and alkaline phosphatase, and at the 
same time we observed that NTBI was higher in 
hepatitis C positive patients. This suggests that 
the liver plays an important role in iron metabo-
lism, in the presence of hepatitis C. In the previous 
studies, Detivaud et al. [16] found that parameters 
reflecting hepatic function were correlated with 
hepcidin levels, while Aoki et al. [17] observed that 
in chronic hepatitis C, the hepcidin mRNA level was 
associated with iron stores. In has been reported 
that NTBI is efficiently taken up by the liver [18]. In 
rats using single-pass perfused liver, iron uptake 
as NTBI ranged from 58% to 75% when compared 
to less than 1% of transferrin-bound iron [19]. The 
NTBI then mainly targets the hepatocytes; howev-
er, NTBI uptake by the liver is not down-regulated 
by hepatocytic iron excess [20, 21]. In liver diseas-
es, NTBI is likely to be observed through hepcidin 

Figure 1. NTBI in HD population according to dia-
betic status
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deficiency related to either etiology or the severity 
of the liver dysfunction [16, 22]. In active chronic 
alcoholics, NTBI was found in more than 83% of 
patients, and subjects with cirrhosis had higher 
NTBI that the control group [23]. To date, there are 
no data available on hepatitis C and NTBI. 

Kalantar-Zadeh et al. [24] found that in the 
national database of DaVita of 38 328 long-term 
hemodialyzed patients the ESA-hyporesponsive 
group (n = 9581) had the lowest serum albumin, 
total iron binding capacity (TIBC), iron, transferrin 
saturation (TSAT) and ferritin and highest intact 
parathyroid hormone (PTH) and alkaline phospha-
tase levels. They concluded that these findings 
may have important clinical implications in the 
management of anemia in chronic kidney dis-
ease (CKD) patients, especially those undergoing 
HD treatment, and serum alkaline phosphatase 
levels, presumably a biomarker of bone turnover 
activity, may be related to non-bone related condi-
tions such as liver disease, particularly since they 
assessed only total alkaline phosphatase. There-
fore we might speculate that alkaline phospha-
tase as an indicator of renal osteodystrophy could 
be associated with ESA-hyporesponsiveness by 
diminishing endogenous erythropoietin synthe-
sis, reducing bone marrow erythroid progenitors, 
and shortening erythrocyte survival [25]. Indirect 
effects include the association of renal osteo-
dystrophy with bone marrow fibrosis [26]. In ad-
dition, it is possible to have higher labile plasma 
iron because of inadequate protein intake, since 
the binding plasma proteins, including transfer-
rin, could be decreased; therefore lower albumin 
in subjects with high NTBI would be a  result of 
inflammation/malnutrition. 

The 10 diabetic patients in our population 
had higher NTBI than nondiabetic patients. The 
NTBI (measured by HPLC) was also detected in 
patients with type 2 diabetes in 59% of patients 
with newly diagnosed diabetes NTBI was present 
and in 92% of patients with long-term diabetes 
[27]. Mean NTBI values varied significantly among 
the three groups, with the highest values being 
observed in patients with known  diabetes  and 
the lowest in the control subjects [27]. Analysis of 
modified albumins has shown that both glycation 
and oxidation increase the albumin iron binding 
capacity [28]. Non-enzymatic modifications of 
albumin, that are prevalent in  diabetes  and in-
creased oxidative stress, may have a fundamental 
role in NTBI speciation. This result would indicate 
that the low NTBI  levels so far measured in dia-
betic sera may be understated and that differ-
ent analytical techniques are required to deter-
mine NTBI levels in diabetic patients [28]. However, 
in the modern assay of eLPI we used in our study, 
the difference in NTBI between diabetic and non-di-

abetic patients should not be ascribed to the assay 
performance [29]. The NTBI was found to be an in-
dependent predictor of mortality after myocardial 
infarction in individuals with diabetes [30], probably 
due to the link between diabetes, cardiovascular 
complications [31–35], and iron as a pro-oxidant co-
factor for cardiovascular risk [36]. 

The NTBI was first described in conditions of 
iron overload, when TSAT exceeded 100% [1]. Us-
ing this concept, intravenous iron therapy would 
add large amounts of NTBI to the plasma. It was 
demonstrated that parenteral iron preparations 
increased the intracellular labile iron pool of the 
human hepatoma HepG2 cells [37]. Previously, 
we studied iron parameters including hepcidin 
in patients treated with intravenous iron saccha-
rate [38]. In these patients later we also assessed  
NTBI and found a non-significant rise in NTBI after 
intravenous administration of 1 g of iron sucrose 
(data not published). 

However, in the recent review mounting evi-
dence suggesting that abnormalities in the nor-
mal pathophysiology of bone/mineral axis, iron, 
and erythropoietin play a role in accelerating CKD 
and CVD was underlined [39]. Nowadays, multiple 
lines of evidence suggest that in addition to the 
direct effects of uremia on cardiovascular patho-
physiology [40], secondary changes in bone and 
mineral metabolism, as well as iron deficiency and 
anemia, have the potential to be important con-
tributors to the pathogenesis of chronic cardiore-
nal syndrome.

We are fully aware of the limitation of this 
study due to its cross-sectional design, single cen-
ter and moderate sample size.

To conclude, elevated NTBI in HD may be due to 
disturbed iron metabolism. Anemia and liver func-
tion might also contribute to the presence of NTBI 
in this population.
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