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Abstract: Oral ferric citrate hydrate (FCH) is effective for iron deficiencies in hemodialysis patients;
however, how iron balance in the body affects iron absorption in the intestinal tract remains unclear.
This prospective observational study (Riona-Oral Iron Absorption Trial, R-OIAT, UMIN 000031406)
was conducted at 42 hemodialysis centers in Japan, wherein 268 hemodialysis patients without
inflammation were enrolled and treated with a fixed amount of FCH for 6 months. We assessed the
predictive value of hepcidin-25 for iron absorption and iron shift between ferritin (FTN) and red blood
cells (RBCs) following FCH therapy. Serum iron changes at 2 h (∆Fe2h) after FCH ingestion were
evaluated as iron absorption. The primary outcome was the quantitative delineation of iron variables
with respect to ∆Fe2h, and the secondary outcome was the description of the predictors of the body’s
iron balance. Generalized estimating equations (GEEs) were used to identify the determinants of
iron absorption during each phase of FCH treatment. ∆Fe2h increased when hepcidin-25 and TSAT
decreased (−0.459, −0.643 to −0.276, p = 0.000; −0.648, −1.099 to −0.197, p = 0.005, respectively)
in GEEs. FTN increased when RBCs decreased (−1.392, −1.749 to −1.035, p = 0.000) and hepcidin-
25 increased (0.297, 0.239 to 0.355, p = 0.000). Limiting erythropoiesis to maintain hemoglobin
levels induces RBC reduction in hemodialysis patients, resulting in increased hepcidin-25 and FTN
levels. Hepcidin-25 production may prompt an iron shift from RBC iron to FTN iron, inhibiting iron
absorption even with continued FCH intake.
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1. Introduction

Patients undergoing hemodialysis lose 1.5–3.0 g of iron annually due to dialysis and
periodic laboratory evaluations [1], leading to iron deficiency. The oral supplementa-
tion of ferrous iron is inconvenient for iron deficiency anemia in dialysis patients due
to gastrointestinal side effects [2], while the use of highly soluble ferric citrate (FC) is
increasing because it has fewer side effects [3]. The long-term administration of FC in-
creases ferritin (FTN) and transferrin saturation (TSAT), reduces intravenous iron and
erythropoiesis-stimulating agent (ESA) dose requirements, and maintains hemoglobin (Hb)
levels in hemodialysis patients [4–6]. Nevertheless, it remains unclear what fraction of FC
is absorbed, what type of iron state promotes iron absorption, and whether long-term FC
administration causes iron overload.

FTN is an index of stored iron [7], but its appropriate value in the body remains un-
known. There are large differences in FTN levels in hemodialysis patients across countries,
with patients in Japan and the USA having the lowest and highest FTN levels, respec-
tively [8]. It is speculated that if a large difference exists in the amount of iron stored,
there will be a difference in iron absorption regulated by hepcidin-25; however, previous
FC studies have reported the same phenomena [4,5]. Yokoyama et al. [4] found that FTN
essentially plateaued at week 28, increasing from 57 ng/mL at baseline to 227 ng/mL after


