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Abstract:
Background: Oral Ferric Citrate (FC) is an effective iron therapy in hemodialysis patients. We investigated the effect 
of oral iron on anemia in hemodialysis patients focusing on different effects between sodium ferrous citrate (SF) and 
FC and dose effect of SF.
Methods: Study 1; FC was administered (1500 mg/day) either as a de novo iron administration (Group D) or after a 
switch from SF (50 mg/day) (Group S). Dose of erythropoietin stimulating agent (ESA), serum hemoglobin levels, 
ESA/hemoglobin ratio and iron states were investigated for 64 weeks retrospectively. Study 2; 23 stable hemodialysis 
patients with long-term 50 mg/day of SF were randomly divided to two groups; dose was increased to 150 mg/day 
(Group 150) and unchanged in the rest (Group 50). Without changing the dose of ESA, hemoglobin levels and iron 
states were compared for 40 weeks prospectively. 
Results: Study 1; data were obtained from 28 patients. FC administration increased ferritin levels in both groups (me-
dian; Group D; 0W: 49.3, 56W: 214.0, Group S; 0W: 120.0, 56W: 217.0 ng/mL), but hemoglobin levels increased and 
ESA dose and ESA/hemoglobin ratio decreased only in Group D (0W vs. 12W: p < 0.05). Study 2; 17 patients complet-
ed the study. Although higher dose of SF resulted in increased ferritin and hepcidin-25 levels in Group 150 (p < 0.05 
and < 0.01, respectively), hemoglobin levels did not change in either group.
Conclusions: Instable hemodialysis patients, 50 mg/day of SF have a comparable effect on anemia to that of 1500 mg/
day of FC or 150 mg/day of SF with less increase in serum ferritin levels.
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Introduction

	 Anemia	is	common	in	hemodialysis	patients,	with	a	relative	deficiency	of	erythro-
poietin (EPO) being the predominant cause[1]. Anemia management in hemodialysis patients 
was revolutionized by the introduction of erythropoietin stimulating agents (ESAs) in the 
late 1980s, and has become the mainstay of anemia treatment[2]. With the introduction of 
ESAs,	iron	deficiency	has	become	an	important	component	of	anemia	in	hemodialysis	pa-
tients[3]. Although oral iron supplementation is supposed to be more physiologic than that 
by the intravenous (IV) route, several studies have found IV iron superior to oral iron in 
hemodialysis patients[4,5], and IV administration is widely recommended[6-8]. 
 Recently, the phosphate binder, ferric citrate (FC), has been reported to be a prom-
ising oral iron supplier in patients with chronic kidney disease[9-12]. Especially, Umanath et al 
demonstrated a reduction in IV iron and ESA use with the administration of FC in hemodial-
ysis patients with mean serum ferritin levels of 594 ng/ml[9]. Considering that little oral iron 
absorption has been reported to occur when serum ferritin levels exceed 300 ng/ml[13], this 
is surprising. After the appearance of FC not only IV iron, but also oral iron has also been 
accepted for iron administration in hemodialysis patients in Japan, and as a dose of oral iron 
100 to 200 mg/day is recommended (not graded)[14]. But the dose effect of oral iron, effect 
of differences in the chemical composition (e.g. FC or not) and appropriate dose of oral iron 
have not been established.
 This prompted us to  compare the effect on iron store status and anemia in hemodi-
alysis patients regarding different effects between FC and sodium ferrous citrate (SF) which 
is popular oral iron in Japan, and dose effect of SF (50 mg and 150 mg/day).
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Materials and Methods

 In our clinic, iron has been administered orally (50 mg/
day of SF) as a rule since 2012. Patients who had received blood 
transfusions or IV iron within six months were excluded from 
the current study. Although FC is a phosphate binder, not an oral 
iron supplier, we never used FC, SF or other oral and IV iron 
concomitantly.
 In Study 1, for the treatment of hyper phosphatemia, 
1500 mg/day of FC was administered to hemodialysis patients 
either as a de novo iron administration (Group D) or a switch 
from 50 mg/day of SF (Group S). Data from the patients with 
stable hemoglobin (Hb) levels with the same dose of ESAs for 
more than 12 weeks at FC administration were collected. Dose 
of ESAs, serum Hb levels, ESA/Hb ratio and serum ferritin lev-
els during FC administration were investigated for 64 weeks ret-
rospectively.
 In Study 2, to investigate the dose effect of SF on ane-
mia and iron store status, 23 stable hemodialysis patients with 50 
mg/day of SF were divided into two groups at random, 50 mg/
day of SF was continued in ten patients (Group 50) and the dose 
was increased to 150 mg/day in the rest (Group 150). Without 
changing the ESA dose, serum ferritin, hepcidin-25, transferrin 
saturation (TSAT) and Hb levels were compared for 40 weeks 
prospectively. 
 As ESAs, we used continuous erythropoietin receptor 
activator (C.E.R.A.) (administered every two weeks) or darbep-
oetin alfa (every week). Serum levels of hepcidin-25 were mea-
sured using a liquid chromatography-tandem mass spectromet-
ric method[15].

Statistical analysis
 Data were expressed as mean ± standard deviation. Dif-
ferences in quantitative variables were compared by Student’s 
t-test for parametric and Wilcoxon rank sum test for nonpara-
metric	data.	Intergroup	statistical	significance	is	defined	as	p	less	
than 0.05. 

Results

 In Study 1, data were obtained from 28 patients (Group 
D: 17 patients, Group S: 11 patients) (Table 1). In Group S, 50 
mg/day of SF had been administered for more than 88 weeks at 
the switch to FC. As shown in Table 2, as a whole, after the ad-
ministration of FC, Hb increased, while ESA dose and ESA/Hb 
ratio decreased and were maintained thereafter. These changes 
were seen in Group D, but not in Group S (Table 2, Figure. 1). At 
the start of FC administration, serum ferritin levels were higher 
in Group S than Group D (median; Group S: 120.0, Group D: 
49.3 ng/mL, p < 0.01) which was supposed to have received SF 
before the switch to FC, but serum ferritin levels in both groups 
increased	and	did	not	differ	significantly	 thereafter	 (Figure	2).	
To clarify whether patients in Group S are non-responders to 
oral iron therapy, we investigated the changes in these parame-
ters after the initiation of SF therapy. In eight of eleven patients 
(in three patients SF was already being administered at transfer 
to our clinic) we could obtain the relevant data. As shown in 
Figure. 3, 50 mg/day of SF resulted in increased serum Hb levels 
and decreased ESA dose and ESA/Hb ratio. Serum ferritin levels 

were lower during SF treatment (median; 0W: 42.7, 28W: 151.1, 
76W: 133.1 ng/mL) than those during the switch to FC (medi-
an; 0W: 120.0, 28W: 158.0, 76W: 236.0, 100W: 342.5 ng/mL). 
Although the former treatment by SF was effective for anemia, 
after the switch to FC, despite the higher serum ferritin levels 
than those during SF treatment, serum Hb levels, ESA dose and 
ESA/Hb ratio did not change.

Figure 1: ESA/hemoglobin ratio during ferric citrate administration 
(Study 1).
 Solid lines and black circles indicate data of patients receiv-
ing de novo administration of ferric citrate hydrate. Dotted lines and 
open circles indicate data of patients switched from sodium ferrous ci-
trate and solid lines and black squares indicate data of all patients.

Figure 2: Serum ferritin levels during de novo ferric citrate administra-
tion and switch from sodium ferrous citrate (Study 1).
 Solid lines and black circles indicate data of patients receiving 
de novo administration of ferric citrate hydrate and dotted lines and open 
circles indicate data of patients switched from sodium ferrous citrate.
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Figure 3: Dose of ESAs, serum hemoglobin levels, ESA/hemoglobin 
ratio and serum ferritin levels during sodium ferrous citrate adminis-
tration and after switch to ferric citrate in eight patients of Group S 
(Study 1).

 In Study 2, two and four patients in Group 50 and 150 
dropped out, respectively because of admission to another hos-
pital, and eight of Group 50 and nine of Group 150 completed 
the study (Table 3). Before the analysis of data in Group 50 and 
150, the response of hematopoiesis to de novo oral iron (50 mg/
day of SF or 105 mg/day of ferrous sulfate hydrate) in these 
17 patients was investigated (Figure. 4). De novo oral iron was 
started 14 ~ 239 weeks before Study 2 was initiated. At the ini-
tiation of oral iron, serum ferritin levels were 23.5 ~ 162.7 (me-
dian; 74.9 ng/mL). After the initiation of oral iron, Hb increased 
and	ESA	dose	decreased	significantly	and	reached	a	plateau	at	
around 18 weeks, demonstrating that these patients were respon-
sive to oral iron and that the supply of iron at the start of Study 
2	was	 sufficient.	Then	 these	 17	 patients	 and	 six	 patients	who	
dropped out later during Study 2 were divided into Group 50 and 
150 randomly. As shown in Figure.5, at 0, 12, 24 and 40 weeks, 
serum ferritin and hepcidin-25 levels did not change in Group 50 
(ferritin; 95.3 ± 55.4, 87.5 ± 34.8, 100.1 ± 24.4 and 86.6 ± 29.4 
ng/ml, respectively, hepcidin-25; 52.4 ± 33.6, 40.0 ± 26.1, 45.0 
± 27.4 and 55.9 ± 34.2 ng/ml, respectively). On the other hand, 
in Group 150, serum ferritin and hepcidin-25 levels increased 
with time (0, 12, 24 and 40 weeks, ferritin; 128.0 ± 47.2, 143.8 
± 39.0, 179.0 ± 54.7 and 213.6 ± 70.9 ng/ml, respectively, 0W 
vs 24W, 40W p < 0.05, hepcidin-25; 58.0 ± 14.3, 71.3 ± 27.4, 
81.7 ± 38.0 and 102.8 ± 46.9 ng/ml, respectively, 0W vs 40W p 
< 0.01). Despite the changes in iron store status in Group 150, 
Hb levels and TSAT did not change like in Group 50.

Figure 4: Dose of ESAs, serum hemoglobin levels and ESA/hemoglo-
bin ratio before and during de novo oral iron administration in patients 
who completed Study 2
Student t test, *: p < 0.05, **: p < 0.01, ***: p < 0.005

Figure 5: Serum hepcidin-25 (A), ferritin (B), TSAT (C) and hemoglo-
bin (D) levels during sodium ferrous citrate administration (Study 2)
Solid lines and black symbols indicate data during 50 mg/day of sodium 
ferrous citrate. Dotted lines and open symbols indicate data during 150 
mg/day.

Discussion

 Since the introduction of ESAs for the treatment of 
anemia	in	hemodialysis	patients,	iron	deficiency	has	become	an	
important underlying component of anemia in hemodialysis pa-
tients[3]. Although oral iron supplementation is supposed to be 
more physiologic than the IV one, oral iron absorption is ap-
preciable when serum ferritin concentration is less than 70 to 
100 ng/ml and decreases when this exceeds 300 ng/ml[13], and 
IV iron administration has been recommended[6-8]. Recently, the 
phosphate binder FC has been reported to be a promising oral 
iron supplier in patients with chronic kidney disease[9-12]. After 
the appearance of FC not only IV iron, but also oral iron has also 
been accepted for iron administration in hemodialysis patients in 
Japan[14].
 The serum ferritin level at the time of oral iron adminis-
tration	seems	to	be	an	important	factor	influencing	the	effective-
ness of oral iron for anemia. Our previous report demonstrated 
the effectiveness of oral iron (FC or SF) in hemodialysis patients 
with serum ferritin levels less than 100 ng/ml at administration 
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but not in those with levels higher than 100 ng/ml without iron 
therapy for more than three months[16]. Also, in a recent report 
that demonstrated the effectiveness of FC for anemia in patients 
with chronic kidney disease, the mean serum ferritin level was 
85.9 ng/ml[12]. In contrast, the mean serum ferritin levels in pa-
tients receiving oral ferrous sulfate or iron polysaccharide re-
ported by Fishbane et al[4] and MacDougall et al[5] were higher, 
178.9 and 309 ng/ml, respectively. These results suggest that not 
only the chemical composition (FC or not) or dose of oral iron 
therapy, but also the background at iron administration (e.g. pre-
existing	iron	load	or	inflammation)	affects	the	effectiveness	of	
oral iron treatment.
 Serum ferritin levels in hemodialysis patients are highly 
variable between countries and lower in Japan than those in west-
ern countries. Causes of this include smaller IV iron dose[17] and 
lower C-reactive protein levels[18] in Japanese hemodialysis pa-
tients than in those in western countries. Targets of serum ferritin 
levels in hemodialysis patients are also widely different between 
countries. IV iron administration is recommended when serum 
ferritin levels are less than 100 ng/ml in Japan[7,14], 300 ng/ml in 
the European Best Practice (ERBP) group[19] and 500 ng/ml in 
the Kidney Disease: Improving Global Outcomes (KDIGO)[20].
 IV iron has advantages over oral iron in hemodialysis 
patients targeted at high serum ferritin levels because it bypasses 
regulation of iron absorption in the duodenum and intestine, but 
if a high dose of IV iron is given rapidly, the binding capaci-
ty of transferrin is exceeded, which results in the generation of 
non-transferrin bound iron[21], which is expected to cause cellu-
lar injury[22,23] and associations between high doses of IV iron 
and increased risks of cardiovascular disease, infection, hospi-
talization and death have been reported[24,25]. Instead, oral iron 
is unlikely to induce the generation of non-transferrin bound 
iron because enteral absorbed iron is rapidly bound to transfer-
rin. Moreover, iron load induces hepcidin synthesis and limits 
further enteral iron absorption and release of iron from iron 
stores[26], which implies that compared to IV iron, oral iron is un-
likely to cause iron overload. Although it is reported that serum 
ferritin levels > 340 ng/ml in dialysis patients with IV iron were 
associated with iron overload[27], it is not known how high serum 
ferritin levels must be in patients with oral iron to be associated 
with harm.
 While iron is indispensible for erythropoiesis, most of 
a rapidly given high dose of IV iron is unavailable for erythro-
poiesis[28]. This is also speculated to be the case for oral iron in 
the	presence	of	sufficient	iron	stores.	As	shown	in	Study	1	and	2,	
increased serum ferritin levels after the administration of 1500 
mg/day of FC switched from long-term 50 mg/day of SF and 
that after the increase of SF dose from 50 mg/day to 150 mg/day 
did not result in active erythropoiesis. In Study 2, dose up to 150 
mg/day of SF increased serum ferritin levels but did not increase 
TSAT, suggesting that in stable hemodialysis patients, long-term 
50	mg/day	of	SF	can	supply	sufficient	iron	for	erythropoiesis	in	
blood while more oral iron supply just increases the iron store. 
Although Umanath et al demonstrated a reduction in IV iron and 
ESA use in hemodialysis patients with high ferritin levels by 
FC, reduction of IV iron was prominent and that of ESA dose 
was very small[9]. It is likely that, IV iron reduction was due to 
increased serum ferritin levels by absorption of iron from FC, 
the contribution of which to erythropoiesis may be small.

 The current study showed that, the erythropoetic poten-
tial of 50 mg/day of SF was not inferior to that of 1500 mg/day 
of FC or 150 mg/day of SF, which suggests that higher serum 
ferritin levels induced by iron dosing do not necessarily result in 
higher responsiveness to ESAs. Although we use serum ferritin 
level as a useful marker of iron stores, it is not a perfect marker; 
e.g. high serum ferritin levels cannot distinguish reticulo endo-
thelial	blockade	from	functional	iron	deficiency.	Ferritin	is	also	
a	non-specific	marker	of	inflammation	and	can	increase	even	in	
the absence of an increasing iron load. Although there are vari-
ous causes of high serum ferritin levels in hemodialysis patients 
and some causes are not treatable, high serum ferritin levels by 
iron overload are intentionally induced by physicians to treat 
anemia. It is possible that in hemodialysis patients with low se-
rum ferritin levels (e.g. less than 100 ng/ml), sustained small-
dose oral iron can prevent iron overload and hepcidin synthesis, 
possibly resulting in more sustained iron use for erythropoiesis 
and better control of serum Hb levels with less ESA use than 
bolus high dose IV administration.

Conclusions
 
 We conclude that a higher dose of SF or FC increases 
serum ferritin levels more than a low dose of SF, without a no-
table effect on anemia. In stable hemodialysis patients with low 
serum ferritin levels, compared to higher dose of SF and FC, low 
dose of SF has a comparable effect on anemia with a less marked 
increase in serum ferritin levels. 
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