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Haemoglobin (RET-He) in Haemodialysis Patients on 
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ABSTRACT
Introduction: Iron deficiency anaemia (IDA) appears frequently in haemodialysis (HD) patients with recombinant human 

erythropoietin (rHuEPO) therapy and commonly associated with rHuEPO hypo responsiveness. However, current iron indices 
are inadequate to demonstrate the status or utility of iron in erythropoiesis. Therefore, we aim to clarify the accuracy of reticu-
locyte haemoglobin (RET-He) in diagnosing IDA in HD patients with rHuEPO therapy. 

Materials and Methods: 55 blood samples were collected and analysed for haematological and iron deficiency parameters. 
ROC curve was also plotted for sensitivity and specificity analysis. 

Results: Mean RET-He in HD patients was 29.91 (2.29) pg. Percentage of IDA detected by RET-He was 63.64% but by sTfR 
and ferritin were 3.64% and 0% respectively. RET-He was significantly correlated with sTfR, MVC, MCH and TfR-F index. 
RET-He also significantly had agreement with sTfR and TfR-F index respectively but no agreement with serum ferritin. Besides, 
sensitivity and specificity of RET-He in detecting IDA were 78.3% and 92.0% respectively with AUC of 0.864. 

Conclusion: Detection rate of IDA in HD patients with rHuEPO by conventional method (ferritin and sTfR) was low. 
However, RET-He method shows more sensitivity and specificity of iron status in HD patients with rHuEPO therapy. Thus, it is 
suggested that RET-He can be used as a diagnostic tool for the detection of IDA in HD patients with rHuEPO therapy.
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INTRODUCTION

Patients with chronic renal failure classically develop normochro-
mic normocytic anaemia, often with a reduced reticulocyte response and 
bone marrow erythroid hyperplasia compatible with the degree of anae-
mia. Recombinant human erythropoietin (rHuEPO) therapy can poten-
tially fully correct the anaemia of renal failure, but this may be limited 
by sub-clinical iron deficiency leading to an impaired response1). Early 
detection of iron deficiency in these circumstances is essential to ensure 
optimal utilization of rHuEPO dosage and concomitant iron therapy. 
Failure to supply iron at a sufficient rate adversely affects patient out-
comes2). 

Simple iron deficiency is detected by a series of sequential changes, 
with the body entering a state of progressive negative iron balance and 
manifesting certain biochemical markers of iron depletion. As frank iron 
deficiency anaemia develops, the red cell mean cell volume (MCV) and 
mean cell haemoglobin (MCH) become progressively reduced, the 
serum ferritin, serum transferrin saturation (tsat) and serum iron levels 
fall and there is a rise in transferrin level. Accompanying an impaired 
iron supply, there is an increased cellular expression of transferrin 
receptors on erythroid cells, leading to increased serum concentration of 
the soluble receptor. As iron supply to the marrow erythroblasts declines 
the new red cells become increasingly hypochromic3-5). 

In the anaemia of chronic renal failure, the routine biochemical 
markers of functional iron deficiency (FID) are completely unreliable. 
Serum ferritin is an indirect indicator of storage iron, but not iron sup-

ply. As serum ferritin is also an acute-phase reactant, it may therefore be 
normal or even high despite developing iron deficiency. In these situa-
tions, clinicians have to rely on non-selective adjuvant iron replacement 
therapy or surrogate markers of FID from the automated haematology 
analyzer2). 

Since traditional indices of iron status are inaccurate in predicting 
iron-deficient erythropoiesis during EPO therapy at any proposed cut-
off level, the usefulness of additional parameters, especially those 
allowing direct estimates of bone marrow iron availability, have been 
investigated. Interest has been generated in the use of erythrocyte and 
reticulocyte indices, such as measurement of reticulocyte haemoglobin 
content (RET-He). These assays provide direct insight into bone marrow 
iron supply and utilization by evaluating the degree of haemoglobinaza-
tion. Additionally, it can be performed simultaneously during routine 
blood counts with no additional blood sampling and minimal or no 
incremental cost. Besides, the measurement of soluble transferrin recep-
tor (sTfR) in serum has been proposed as an indicator of adequacy of 
iron supply to the erythron. However, it may be less valuable in patients 
on EPO therapy since increased erythropoiesis itself raises sTfR levels.

Therefore, the purpose of this study was to determine the preva-
lence of IDA in HD patients on rHuEPO and to compare the diagnostic 
power of RET-He and sTfR with the traditional indices (ferritin and 
sTfR) in identifying iron-deficient erythropoiesis in HD patients on 
maintenance rope.
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MATERIALS  AND  METHODS

Subjects
A total of 55 subjects included in this cross sectional study. Subjects 

were recruited from patients who attended Haemodialysis Unit in 
Hospital Raja Perempuan Zainab II, Kota Bharu, Kelantan and were 
diagnosed as end state renal failure (ESRF) on haemodialysis (HD). The 
diagnosis was confirmed by medical history, physical examination and 
laboratory tests. Subjects must be treated with rHuEPO for at least 3 
months and were in the maintenance phase of their rHuEPO doses for at 
least 4 weeks. All patients were not diagnosed as having thalassemia 
trait, malignancy, acute or chronic bleeding, and blood transfusion in the 
previous 3 months, vitamin B12 or folate deficiency and symptomatic 
coronary heart disease with haemoglobin (Hb) less than 7 g/dl.

The screening period (Visit 1) continued for 2 weeks after the first 
screening visit, during which time no rHuEPO treatment was modified. 
The study began at the end of the screening period with a 4 weeks iron 
washout period. At the end of the iron-free period (Visit 2), Full Blood 
Picture was taken. Subjects in whom Hb levels increased by more than 
1 g/dl during iron-free period (indicated that the subject not was not 
having IDA) were omitted from the study. During the second part of the 
study, an iron load (intravenous iron 100mg per dialysis sessions) was 
administered to all patients for 4 weeks. Haematologic (Hb, MCV, 
MCH, RET-He) and iron parameters (ferritin and sTfR) were measured 
for assessment. When the haemoglobin increment was more than 1 g/dl, 
the subject was presumed to have iron deficiency anaemia and if the 
increment was less than 1 g/dl, the subject was presumed to be iron 
repleted. The dose of rHuEPO remained unchanged during the whole 
study period.

The protocol for this study has been approved by the Research 
Ethics Committee (Human) of Universiti Sains Malaysia and all sub-
jects signed the informed consent before any study procedures were per-
formed. 

Measurements
Peripheral blood was drawn and collected in EDTA tubes for full 

blood picture (FBP) including Hb concentration, MCV, MCH and RET-
He, and in plain tubes for serum ferritin and sTfR. Serum was centri-
fuged and separated from red blood cell (RBC) within 2 hours of collec-
tion, and then stored at 4℃ for up to 7 days, after which they were ali-
quoted and stored at -70℃. FBP and haemogram were measured using 
haematology analyzer (Sysmex XE-2100, Kobe, Japan) which applied 
PLT analyses according to the Hydro Dynamic Focusing (DC 
Detection) and flow cytometry method (semiconductor laser) while Hb 
electrophoresis was performed according to the instructions provided by 
the manufacturer. Serum ferritin and sTfR were measured using com-
mercial ELISA kit by AxSYM (Abbot AxSYm System, USA) and 
BioVendor (BioVendor, Czech Republic) respectively.

Classification of subjects with supposed iron deficiency was per-
formed by using diagnostic plot where TfR-F index (representing stor-
age iron) is plotted against the RET-He (representing functional iron). 
Four different quadrants/areas can be distinguished in the plot based on 
the appropriate cut-off value for both parameters. Basically, subjects in 

quadrant 1 have full iron store and normal erythropoiesis. Subjects in 
quadrant 2 are in transition from quadrant 3 to quadrant 1 during iron 
replenishment but they may come from quadrant 1 during the course of 
their disease. Subjects in quadrant 3 have full-blown IDA with empty 
iron stores and decrease haemoglobinisation of the reticulocyte while 
quadrant 4 represents functional iron deficiency. This plot also allows 
the selection of appropriate therapy and the monitoring of progress of 
this treatment (Figure 1)6). 

Statistical analysis
Statistical analyses were performed using the Statistical Package for 

Social Science (SPSS) Software version 12.0 (SPSS, Chicago, IL, 
USA). Data were presented as mean (SD) and statistical significance 
was sited at P < 0.05. The independent t - test was used to compare 
mean differences between two groups while the correlation between 
RET-He and other haematological and iron parameters were determined 
by Pearson's Correlation analysis. Kappa coefficient analysis was per-
formed to determine the agreement between RET-He and iron parame-
ters while receiver operating characteristics (ROC) curve was plotted to 
identify the sensitivity and sensitivity of RET-He in diagnosing IDA. 

RESULTS 

55 subjects completed this study, where 26 subjects were male and 
29 were female. Among these subjects, 90.0% had anaemia, 76.3%, 
12.7% and 1.8% were hypochromic microcytic, normochromic normo-
cytic and megaloblastic anaemia respectively. When the haemoglobin 
increment was more than 1 g/dl, the subject was presumed to have iron 
deficiency anaemia and if the increment was less than 1 g/dl, the subject 
was presumed to be iron repleted.

Table 1 shows the sensitivity, specificity and AUC of the studied 
iron parameters where RET-He showed the highest sensitivity, specifici-
ty and AUC in detecting IDA compared to other parameters. The cut off 
value for RET-He in diagnosing IDA was < 30.4 pg.

By using RET-He with the cut off value of < 30.4 pg, 35 subjects 
(63.6%) out of 55 subjects were diagnosed as having IDA. 2 subjects 
(3.6%) were diagnosed as having IDA using sTfR and none was diag-
nosed as having IDA by using serum ferritin. RET-He, MCV and serum 
ferritin were significantly lower while sTfR and TfR-F index were sig-
nificantly higher in the IDA group compared to non-IDA group (Table 
2). 

There was also significant positive correlations between RET-He 
with MCV (r = 0.544, p < 0.01) and MCH (r = 0.483, p < 0.001) while 
sTfR (r = -0.575, p < 0.01) and TfR-F index (r = -0.497, p < 0.01) were 
significantly inversely correlated with RET-He. However, no significant 
correlation was found between RET-He with serum ferritin. There were 
also significant agreements between RET-He with sTfR and TfR-F 
index in the detection of IDA, but no significant agreement between 
RET-He and serum ferritin was found (Table 3). 

 Meanwhile, Table 4 shows the frequency of IDA detection of diag-
nostic plot by using RET-He and TfR-F index. 20 subjects were in quad-
rant 1 and 35 subjects were in quadrant 4.

Table 1. Comparison of haematological and iron parameters 
in IDA defined by RET-He

Parameters IDA  Non-IDA  Mean diff.  P 
 (n = 35) (n = 20) (95% CV) value

Hb (g/dl) 9.91 (1.53) 11.1 (1.99)  > 0.05
RET-He (pg) 29.91 (2.29) 34.61 (1.39)  < 0.01
MCV (fl) 83.93 (5.57) 90.50 (4.98)  < 0.01
Ferritin (μg/l) 657.41 (597.38) 683.72 (492.31)  < 0.01
sTfR (mg/l)  1.67 (0.83) 1.51 (0.49)  < 0.01
TfR-F index 0.66 (0.31) 0.65 (0.31)  < 0.01

Values presented as mean (SD)

Hb: haemoglobin, RET-He: reticulocyte haemoglobin, MCV: mean cell volume, sTfR: 

soluble transferrin receptor, TfR-F index: ferritin index (sTfR/log ferritin) 

*Independent t-test (significant level at p < 0.05)

Table 2. Agreement between RET-He with sTfR, TfR-F index and 
serum ferritin in detection of IDA

    Parameters     Diagnosis RET-He Kappa
  IDA  Non-IDA 
  (n = 35) (n = 20)

STfR IDA 2 0 0.042
 Non-IDA 33 20 
TfR-F index IDA 35 20 0.036
 Non-IDA 0 0 
Ferritin IDA - - 

No agreement
 Non-IDA - - 

sTfR: soluble transferrin receptor, TfR-F index: ferritin index (sTfR/log ferritin)
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DISCUSSION

In the present study, methods such RET-He, serum ferritin and sTfR 
were used to detect IDA in HD patients with rHuEPO therapy. We noted 
that 90% of subjects were anaemic and 76.3% were normochromic nor-
mocytic anaemia and it was known that ESRF patients were in group of 
ACD which have normal MCV and MCH7). However, MCV and MCH 
itself cannot exclude nutritional anaemia and need additional test to 
clarify it.

Out of 55 subjects evaluated in this study, 35 subjects were diag-
nosed to had IDA by RET-He with mean of 29.9 (2.29) pg. RET-He 
measured reticulocytes of haemoglobin which were released from mar-
row about 18 to 36 hours before their final maturation into erythrocytes. 
It provides a real-time assessment of the functional state of erythropoie-
sis rather than other established marker available8). However, only 2 
subjects were diagnosed as IDA by sTfR with mean of 1.67 (0.83) mg/l 
and none by serum ferritin. The detection of IDA by sTfR was in line 
with previous study by Skikne et al whereby the value of sTfR in detect-
ing the response to erythropoietin therapy and the adequacy of iron 
treatment is modest4). Meanwhile, IDA was not detected by serum ferri-
tin in HD subjects instead they had 'inappropriately high' serum ferritin 
levels9). Serum ferritin is an indirect indicator of storage iron, but not 
iron supply. It is an acute-phase reactant; it may therefore be normal or 
even high despite developing iron deficiency. Furthermore, we also 
found a weak and no correlation between RET-He with sTfR and serum 
ferritin respectively, which suggesting that these methods (sTfR and 
serum ferritin) were relatively insensitive to detect IDA. This finding 
was consistent with a study done by Thomas et al10). 

Furthermore, RET-He test is a direct iron measurement level of the 
reticulocyte, the final stage of RBC maturation11,12). In rHuEPO treated 
patients, a direct measurement of iron status has a distinct advantage 
compared to indirect measurements such as serum ferritin and sTfR. 
Reticulocytes only remain in circulation for approximately 24 hours and 
RET-He is like a 'snapshot' of iron status, informing about immediate 

iron sufficiency. Thus, RET-He has a huge potential to be a more accu-
rate test of iron status in HD patients.

There was a significant positive correlation between RET-He and 
both MCV and MCH. This suggests that low MCV and MCH were con-
sistent with IDA diagnosis by RET-He, although the mean of both indi-
ces were higher from the value used for screening of IDA in the general 
population10). There was also a significant inverse correlation between 
RET-He with sTfR and TfR-F index. STfR and TfR-F index have been 
indicated to increase while RET-He falls in IDA patients as reported by 
previous study7). Our finding on poor agreement between RET-He and 
sTfR was consistent with previous study by Thomas et al and suggesting 
that the classic iron markers are relatively insensitive in diagnosing 
FID13).

ROC curve analysis showed a hierarchy of tests and as shown in 
previous studies, RET-He having the wider area under curve followed 
by MCH, MCV, sTfR and TfR-F index which indicates RET-He provid-
ed more sensitive and specific test for detecting IDA compared to other 
tests12,14). STfR has sensitivity of 56.5% and specificity of 58.3%, but 
despite its possible discriminative value, sTfR tests are not available 
widely and the cost was much higher compared to red cell indices tests 
such as MCV and MCH that were part of full blood count. Meanwhile, 
serum ferritin has low sensitivity in detecting IDA among our subjects. 
It is a potent positive acute-phase reactant and easily increased by stim-
ulation from a variety of causes independent of iron status15,16). High 
serum ferritin levels in HD patients may reflect iron sufficiency, but it is 
equally likely to be driven by some other stimulus. Iron deficiency may 
still be present and the diagnosis may be overlooked. The specificity 
was unable to be identified because none of the subjects diagnosed as 
IDA by serum ferritin. 

In an initial evaluation of RET-He in our subjects, we found the sen-
sitivity and specificity to detect iron deficiency were 78.3% and 92% 
respectively with AUC of 0.864. A previous study in 364 HD patients 
found that changes in RET-He over time correlated with changes in hae-
moglobin and haematocrit levels. 82% of iron deficiency patients 
responded with an increase in of 2 pg RET-He after treated with intrave-

Table 3. Sensitivity, specificity and AUC of the haematological and iron parameters
Parameters Sensitivity  Specificity  Cut off  Positive Predictive  Negative Predictive  Area under ROC 
 (%) (%) Value Value, PPV (%) Value, NPV (%) curve (AUC)

RET-He (pg) 78.3 92.0 30.4 74.47 50.0 0.864
MCV (fl) 60.9 58.3 83.55 85.7 54.05 0.558
MCH (pg) 73.9 58.3 26.55 53.3 57.12 0.616
sTfR (mg/l) 56.5 58.3 1.42 50.0 59.96 0.518
TfR-F index  56.5 50.0 0.53 66.6 60.0 0.489
Ferritin (μg/l)   IDA not detected

ROC: receiver operating characteristic, RET-He: reticulocyte haemoglobin, MCV: mean cell volume, MCH: mean cell haemoglobin, sTfR: soluble transferrin receptor, TfR-F index: ferritin 

index (sTfR/log ferritin)

Table 4. Frequency of IDA detection and therapeutic 
implications of diagnostic plot

 Phases of Advancing IDA Detection, n (%)

Quadrant 1
Anaemia of chronic disease (ACD) with  20 (36.4%)
full iron store, anaemia despite normal 
haemoglobin production
Quadrant 2
Latent iron deficiency  0
Quadrant 3
Classical IDA 0
Quadrant 4
ACD with full iron stores, functional iron  35 (63.6%) 
deficiency with impaired haemoglobin  
production

Figure 1. Diagnostic plot (Thomas Diagram) for IDA detection and therapy 
(Adapted from Hinzmann 2003)
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nous iron17). Bhandari et al reported that in 22 HD patients with serum 
ferritin < 60 ng/ml, RET-He rose after intravenous iron treatment and 
concluded that RET-He has improved the method of monitoring the 
response to intravenous iron therapy and helped to identify patients with 
FID18). Recently, a study found that RET-He was superior to percentage 
hypochromic red blood cells which indicate a subpopulation of mature 
red blood cells that demonstrated evidence of insufficient iron19). 

It was demonstrated that a combination of sTfR and serum ferritin 
was superior to using sTfR alone. The ratio of sTfR/log ferritin was 
expressed as ferritin index where it was currently used as a marker to 
assess the iron status in diagnosis where the higher the index, the more 
depleted the iron store. But, this index alone could not be used to assess 
the response to therapy. As described above, in ACD full iron stores do 
not mean that iron is available for the production of haemoglobin. 
Nevertheless, with RET-He alone, the usage of iron store for haemoglo-
bin production can be assessed. Thus, these three methods are highly to 
be proposed to be a very good tool for diagnosing IDA. The results of 
RET-He, sTfR and serum ferritin were combined and displayed in a 
simple diagram, which was termed 'Thomas Diagram' (combination of 
marker of iron supply for erythropoietin (sTfR and ferritin index) with 
RET-He as an indicator of iron demand. 

In our study, the Thomas diagram was applied to 35 subjects who 
were diagnosed as IDA by RET-He. Subjects were placed in four quad-
rants. Previous study by Thomas and Thomas20) noted that patients in the 
quadrant 4 were ESRF patient who had FID and this finding was also 
agreed by Hinzman et al and Brugnara et al6,12). The importance to iden-
tify the quadrants for these patients is to identify the choice of treatment 
to be given for an optimal response to rHuEPO. It was shown that, RET-
He alone can be used to detect the response of the iron treatment in 
these subjects where RET-He will increase after giving iron as treat-
ment.

CONCLUSION

In conclusion, iron management based on RET-He is simple and 
practical to perform. In addition, RET-He shows a highly sensitive and 
specific marker of iron status in HD patients on rHuEPO compared to 
serum ferritin and sTfR. Therefore, it is highly suggested that RET-He 
can be used as a diagnostic tool for the detection of IDA in HD patients.
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