AMCoR

Asahikawa Medical University Repository http://amcor.asahikawa-med.ac.jp/

International Journal of Hematology (2017.7) 106(1):116—125.

Reticulocyte hemoglobin equivalent as a potential marker for diagnosis of
iron deficiency

Yasumichi Toki, Katsuya lkuta, Yoshie Kawahara, Noriyasu
Niizeki, Masayuki Kon, Motoki Enomoto, Yuko Tada,
Mayumi Hatayama, Masayo Yamamoto, Satoshi Ito,
Motohiro Shindo, Yoko Kikuchi, Mitsutaka Inoue, Kazuya
Sato, Mikihiro Fujiya, Toshikatsu Okumura



Reticulocyte hemoglobin equivalent as a potential marker for diagnosis of iron deficiency

Yasumichi Toki', Katsuya Ikuta"*, Yoshie Kawahara?, Noriyasu Niizeki?, Masayuki Kon®, Motoki Enomoto*, Yuko Tada’,
Mayumi Hatayama', Masayo Yamamotdl, Satoshi Tto’, Motoh_ﬁo Shindo’, Yoko Kikuchi®, Mitsutaka Inoue4, Kazuya

Sato®, Mikihiro Fujiya', Toshikatsu Okumura’,
Running head: RET-He for diagnosis of iron deficiency -
Bype of article: Original Article

1Di"»'ision of Gastroenterology and Hematology/Oncology, Department. of Medicine, Asahikawa Medicai University,
2-1-1-1 Midorigaoka-Higashi, Asah;'kawa, Hokkaido 078-8510, Japan

2Depz;rtment -of' Medical Laboratory and Blood Center, Asahikawa Medical University, 2-1-1-1 Mido.rigaoka-Higashi,
Asahikawa, Hokkaido 078-8510, Japan |

3 Asahikawa-Kosei General Hospifal, 24-111, 1 jyo-dori Asahikawa, Hokkaido 078-8211, Japan

4Engaru-(Kosei General Hospital, 3-1-5 Odori-Kita, Engaru, Hokkaido 099-0404, Japan |

Moriyama Hospital, 6 jyo 8 dori, Asahikawa, Hokkaido 070-0038, Japan

*Corresponding Author:
Katsuya Ikuta, M.D., Ph.D.

Division of Gastroenterology and Hematology/Oncology, Department of Mediciﬁ_e, Asahikawa Medical University.



2-1-1-1 Midorigaoka-Higashi, Asahikawa, Hokkaido 078-8510, Japan.
Telephone: +81-166-68-2462
Fax:+ 81-166-68-2469

E-mail: ikuta@asahikawa-med.ac.jp



Abstract .

Evaluation of pafameters relating to serum ferritin and iron is critically important 1n the diagnosig of iron deficiency
anemia (IDA). The recent development of automated systems for hematology analy;is has made it possible to measure
reticulocyte hemoglobin equivalent (RET-He), which is thought.to reﬂgct iron content in reticulocytes, in the same
sample used for complet;a blood count tests. If RET-He is indeed capable of evaluating iron deficiency (]D)? it would be
useful for immediate diagnosis of IDA. In the present study, we examined the usefu]neéS of RET—He for diégnosis of ID.
Blood samples were obtained from 211 patientsj Anemia v?as' ‘deﬁned as hemoglobin (HB) level of <12 g/dL.
Iron-deficiency was defined as serum ferritin level of <12 ng/mL. Patients were classified into four groups: ]DA, ‘ID,
y g r
control, and non-ID with anemia. Patients in the IDA group had significantly lower RET-He levels. than those in the
control group. RET-He correllated \;vith serum ferritin in the IDA and ID groups. The ;area under the 'curve for RET-He
was 0.902, indicating that RET-He facilitates the diagnosi.s. of ID with high éccuracy. RET-He éhanged in parallel with

changes in Hb during iron administration for 21 IDA patients. Our results indicate that RET-He may be a clinically useful

marker for determining ID in the general population.
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INTRODUCTION

Approximately one-third of the world’s population suffers from anemia, half of which is due to iron deficiency -
[1]. Anemia is a significant worldwide health problem with a deleterious influence on mother and child mortality rates,
physicél performance, and health care {2]. The rate of iron deficiency in the United States has been reported to be
4.5%—18% [3], whereas its prevalence is very high in several other regions, such as Central America (64.7%), South Asia
(54.8%), and Andean Latin America (62.3%) [4]. For these reasons, thé World Health Organjzation. distributes
iron-containing food to prevent iron deficiency in developing countries.

The diagnosis of anemia requires tﬁe confirmation of a decrease in hemoglobin (Hb) concentration. In adult men,
anemia is diagnosed Wheﬁ Hb concentration is <130 g/L. The cutoff for anemia diagnosis in adult women is a Hb
concentration of 120 g/L, whereas this value is slightly 1(‘)wer at 110 g/L for pregnant women [2]: In addition, di_agnosis
of iron deficiency anemia (IDA) requires information on ‘several additional parameters, such as hematocrit, mean
corpuscular volume and Hb, as well as several iron metabolic markers, such as serum iron and serum ferritin levels and -
.total iron binding capacity (TIBC). Among thése, serum ferritin, which reflects the total amount of iron the body stores, is
a universally available and standardized measuremient and is the most effective teis't to detect iron deficiency. However,
false—positive-serum ferritin values may be observed because of inflammation, malignancy, or liver disease [5]. .

With recent technological advahces, the Hb content of reticulocytes can be quantified by flow cytometry. Reticulocytes,
as immature red blood cells, exist for 1-2 days m the periphe;al biood‘ and provide a good index of Hb in newly produced
red blood cells and response to iron gupplementation [6]. There are several markers for the assessment of Hb content in
reticulocytes, including reticulocyte Hb eq@ivalent (RET—He) and reticulocyte Hb content ((;Hr). RET—He, which can be
measured by the latest automated hematology analyzers, is considered to reflect iroﬁ content in rgticulocytes [71; it isa

direct index of iron availability and reflects cellular availability of iron [8]. CHr and RET-He correlate with iron

' deficiency and are useful markers .of iron deficiency in infants and children, adult blood donors, geriatric patients;
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pregnant women, and patients with chronic kidney disease undergoing hemodialysis [9-13]. However, there are only a
few studies investigating the diagnosis of iron deficiency in adult patients. In this report, the results of our study

evaluating the usefulness of RET-He for iron deficiency diagnosis are presented.



MATERIALS AND METHODS

.Patients

This prospective study was approved by the'ethics committee of Asahikawa Medical University (aufhorizati;)n numbers
1356, 1679,' and 1356-3). Blopd samples were obtained from 211 patients treated at Asahikawa Medical University
Hospital, Asahikawa-Kosei General Hospital, Engaru-Kosei General Hospital, and Moriyama Hospital between April

2014 and February 2015. Written informed consents were obtained from all patients.

Blood sample collection and measurement of parameters

Blood samples were colle;:ted in ethylenediaminetetraacetic acid dipotassium salt (EDTA-2K) tubes and completé blood
couﬁts and RET-He levels were determined using an automated -hematdlogy analyzer (XN-3000® or XE-5000°, Sysmex,
Kobe, Japan). Serum ir01l1 (sFe), TIBC, unsaturated iron binding capacity (U[BC), serum ferritin, and biochemical data
were cc;llected in plain tubes and measured usin'gv an automated chemical analyzef (H-7700 P modular®: Hitachi, Tokyo,
Japan). Transferrin saturation (TSAT) was calc.:ulated using the following formula: (serum iron/TIBC) x 100. Soluble
transferrin réceptor (sTfR) was measured by an enzyme-linked immunosorbent assay (Humaﬁ sTR: Quantikine® IVD®

ELISA Kit; R&D Systems) following manufacturer’s instruction.

Definition of iron déﬁciency

In the present study,’ anemia v‘vas defined as an Hb level of <12 g/dL. Iron-deficiency state was Cieﬁned as serum ferritin
level of <12 ng/mL in this study based on previous studies showing serum ferritin beléw this cutoff value as a highly
specific indicator of iron deficiency [14].

Patients were classified into four groups according to their Hb and serum ferritin levels. The IDA group



included patients with both. iron deficiency and anéinia, defined as serum ferritin and Hb levels of <12 ng/mL and <12
g/dL, respectively. The iron deficiency (ID) group consisted of patients with iron deficiency but no anemia, defined as
serum ferritin and Hb levels of <12 ng/mL and >12 g/dL, respectively. The control group had neither iron deficiency nor
anemia with serum ferritin and Hb levels of >12 ng/mL and >12 g/dL, respectively. Patients with anemia due to etiologies
" other than iron deficiency comprised the non-ID with anemia group and had serum ferritin and Hb levels of >12 ng/mL

and Hb <12 g/dL, respectively.

Determination of changes in RET-He with iron administration during IDA treatment
Among 211 patients included in the present study, 21 IDA patients were treated with oral iron administration and were
classified into two groups according to increase or decrease in their Hb levels during treatment. RET-He and serum

ferritin levels during treatment were determined for both groups.

Statistical analyses
All data were analyzed using SPSS version 22.0 (IBM). Comparison of groups was performed using the Kruskal-Wallis
test. Additionally, Pearson’s correlation coefficient and receiver operating characteristic (ROC) plots were used to

determine the specificity and sensitivity of RET-He as a marker. P values of <0.05 were considered statistically

significant for all analyses performed.



RESULTS

Pat"ients’ status

A total of 211 patients were enrolled (63 males, 148 females) in the study. The median age was 52.0 years (range, 14-91).

The clinical and laboratory parameters of all patients are shown in Table 1. There were 72 (14 males, 58 females), 28 (12
males, 16 females), 67 (23 males, 44 females), and 44 (14 males, 30 females) patients in the DA, 'ID, control, and

non-ID with anemia groups, respectively. Table 2 shows the ciinical and laboratory parameters of patients in each group.

Comparison of RET-He levels according to the iron status at enrollment

Figure 1 shows the RET-He levels in four patient groups at the time of enrollment. The median RET-He levels were 22.3

pg (15.1-35.6 pg), 29.7 pg (19.2-34.9 pg), 34.0 pg (25.9—38.0 pg), and 32.5 pg (19.1-46.3 pg) in the IDA, ID, control,

and non-ID with anemia groups, respectively (Table 2). Patients in the IDA group had significantly lower RET-He levels
than those in the control group who had neither iron deficiency nor anemia (p < 0.001). In addition, the decrease in
RET—He levels correlated with the level of iron deficiency (Figure 1; IDA vs ID, p = 0.016; ID vs control, p = 0.033).

Patients in the IDA group had significantly lower RET-He levels than those in the non-ID with anemia group (p <0.001).

Correlation of RET-He with parameters of iron metabolism
Figure 2 shows the relationship of RET-He with sFe, TIBC, and TSAT. The comparison of all patients in the study
revealed that RET-He correlated positively with sFe (= 0.654) and TSAT (r = 0.666) and correlated negatively with

TIBC (r=-0.617). As shown in Figure 3, there was no correlation between RET-He and serum ferritin when all patients

were included in the analysis (» = 0.287); however, analysis of groupé acéording to their iron status revealed a positive

correlation between RET-He and serum ferritin in the ID group (r = 0.604). Finally, as shown in Figure 4, there was a
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negative correlation between RET-He and sTfR, used for iron deficiency diagnosis (r = -0.655).

ROC analysis

Figure 5 shows the ROC analysis that assessed the efﬁcacy of Ret-He in detecting iron deficiency (serum ferritin < 12
ﬁg/mL). The ROC analysis is a method to evaluate usefulness of the test by calculating sensitivity ard specificity. The
results of this analysis can be shown as the curve in that the sensitiyities were plotted against the value of 1-specificity. If
tﬂe area under the ROC curve. (AUC) is e{lhnost 1, the accuracy of the test shopld be considered as excellent. The AUC
detecting iron deﬁciency for RET—H& was 0.902, whereas AUC for sFe, TIBC, UIBC, TSAT, and sTfR were 0.889, 0.879,
0.922, 0.917, and O.821,Irespective1y (data not shown). Using a result of ROC‘ analysis, we calculated the sensitivity of
RET-He ét the speciﬁcity more than 90% to diégnose e);actly ID. In that calculation, cutoff vaiue of RET-He was 28.5 pg
and the sensitivity: was 68%. When we calculated tﬁe cutoff of RET-He té diagnose ID at the point with both of high
sensitivity and high specificity, the cutoff value should be settled as 30.9 pg. ﬁsing this value, sensitivity and specificity

should be 92% and 81%, respeéﬁvcly.

Time-course variation in RET-He witﬂ i.ron treatment

Figure 6 shows thg time—éourse variatioﬁs in ser‘um.ferritin and RET-He levels, durin_g iron treatment of 21 IDA patients.
Among those receiving iron treatments, the Hb levels increased in 14 patients, whereas Hb values decreased or did not
change in sevlen‘ patients during the course of the study. Further assessment revealed that the serum ferritin and RET-He

values changed in parallel with changes in Hb levels.



10

DISCUSSION

Laboratory parameters used for the diagnosis of IDA include sFe, TIBC, TSAT, .and serum ferritin. In this
study, the cutoff Yalue for serum ferritin for the diagnosis of IDA was 12 ng/mL. Mast ef al. suggested that the diagnostic
accuracy of fel';itin could be improved By increasing its cutoff value from 12 pg/L to 30 pg/L; the sensitivity then
increased‘from 25% to 92%, although specificity was unchanged at 98% [15]. Convers;aly, Ali et al. reported that a serum
ferritin cu%off value of 12 ng/mL was a highly specific indicator of iron deficiency m a study where iron deﬁciency was
strictly defined based on bone ﬁénow iron stores [14]. Thus, the serum ferritin cutoff level for iron deﬁpienc_y was set at
12 ng/mL in this study.

RET-He, which .was assessed as a potential marker for iron deficiency in this study, has several advantages:
rapid measurement in <2 minutes, éutomatic processing along with compléte blood counts, and siniple requirement of
peripheral blood collected in EDTA tubes. The measurement of RET-He does not require additional reagents [13]. There
are numerous other methods to quantify the content in reticulocytes, which. includes CHr (Siemens), mean cellular Hb
content of reticﬁlocytes (MCHr (Abbott), red blood cell size factor (RSf) (Beckman Coulter), reticulocyte hemoglobin
expression (RHE) (Mindray) and reti(;ulot:yte henioglobm cellular content (RHch (Horiba) [16]. Quantity of Hb in
reticulocyte;,g is a useful marker for patients with specific conditions, such as iron deficient infants and children, adult
blood donors, geriatric patients, pregnant women, and patients with chronic kidney disease undergoing hemodialysis
[9-13]. In contfrast, there are very few studies on iron deficiency in otherwise healthy individuals. Thus, this study
included patients of age 15-90 years aﬁdl provided useful information for general clinical practice.

In this study, 211 adult patients were divided into four groﬁps according to their. iron and anemia status, gnd
their RET-He levels were compared. Our results indicated that the patients in the IDA grou}; had significant lower

RET-He levels than those in the control group (» < 0.001). In addition, the decrease in RET-He depended on the severity
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of iron deﬁcieﬁcy (Figure 1; IDA vs ID, p = 0.016; ID vs control, p = 0.033). These results suggésted that RET-He
reflected the iron state of patients and that it could be a useful marker for the diagnosis of iron deﬁcienqy. Furthermore,
>our data showing that patients in the IDA group had significantly llower RET-He levels than those in the nén—lD with
anemia group. Hoi%/ever, quite variation in RET-He was observed in non-ID with anemia group. Although sufficient data
‘for bagkground was not availéble, we speculated that this group included various background diseases, for example renal
anemia, aplastic anemia (AA), myelo_dysplastié anemia (MDS) | and aﬁemié of chronic diséase (ACD) [17]. These
~ diseases cause ane:.a.lia‘by Qifferent mechanisms, might lead to quite different values in RET—Hg. For example, AA
expected to show normal RET-He value, but some ACD expected to show low RET-He because iron usage shoﬁld be
restricted in inflammation. Future investigation for RET—He especially in non-ID with anemia grbup with further detail
‘must be needed to elucidate the usefulness of RET-Hc for differential diagnosis of anemia,

In the present study, fo analyze the usefulness of RET—He for deterréMg iron deficiency with high specificity
~and to simplify classification of %he g'roﬁps, we deﬁned anemia as hemoglobin (Hb) levei of less than 120 g/L in both of .
male and female. However, anemia is ‘also defined as Hb level of <130 g/L in adult men and <120 g/L in adult women in -
WHO 2011 [2]. When the definition as Hb less than 130 g/L for the diagnosis of anemia in male Was_used, the number of
patienté in each gr'ou;‘) w;)uld change: 119 patients in IDA group, 43 patients in ID group, 111 patients in control grouf)
and 144 patients in non-ID with anemia group (Supplemental table 1). Even if we used that definition and re-analyze our
data, the results was considered-to be substantially same; significant difference of RET-He were clearly observed |
between control and IDA,‘ between control and ID, aﬁd betweén ID and IDA (Supplemental figure 1). This data should
also support the usefulnéss of RET-He for diagnosis of IDA.

We also e)'iamined the correlation between RET-He and markers of iron metabolism. Our results indicated that

RET-He correlated with several parameters widely used to evaluate the extent of iron deficiency in patients, such as sFe,

11



12

TIBC, UIBC, TSAT, and sTfR. While RET-He and serum ferritin did not correlate when all patients in the study were
included in the analysis, there was a significant cqrrelation between these two parameters when only patients with iron
deficiency were analyzed. One possibility is that the Hb content in reticulocytes might be iimited, and RET-He might
“have reached a maximum point among patients in our study. The ROC analysis for RET-He’s ability to diagnose iron
deficiency was excellent (AUC, 0.902), which was equal to the AUC values for other iron metabolism parameters, sFe,
TIBC, UIBC, TSAT, and sTﬁR. The cutoff value for RET-He for the diagnosis of ID was 28.4 pg, with a speciﬁcity of
91% and a sensitivity of 68%, indiéafing that its accuracy for ID diagnosis Was very similar to those of TIBC, UIBC,
TSAT, and sTfR. It would be possible to consider RET-He as an alternative to iron metabolism markers for ID diagnosis
if the results were under the cutoff of high specificity.

Analysis of patients receiving oral iron administration revealed. that the increase in RET-He mirrored that of

Hb in response to treatment aﬂd that there was no increase in RET-He values in patients with no change in Hb. Thus,
RET-He might be an effective parameter to evaluate response to iron treatment in patients with IDA. Furthermore,
RET-He should be considered as a more immediate indicator compared with conventional iron déﬁcien(;y markers as it
reflects the Hb content in reticulocytf; limmediately after hemétopoiesis [6]. In this study, seven IDA patients did not
respond to oral iron administration. Unfortunately, the treatment durations differed vasﬂ& and the detail informaﬁon for
those patients were not avglilable in the present study, such as the etiology of these non-responders, the dose of 1:ron
administration, the compliances of iron administration, and the presence of active bleeding from gastrointestinal tract.
There;,fore, future studies with predefined treatment durations and dose of iron administration should be needed to

evaluate RET-He as a marker both for the diagnosis of IDA apd response to iron treatment over a long term.

sT1R is the N-terminal truncated form of transferrin receptor that reflects both the iron deficiency and iron use

state in bone marrow; its levels increase in iron deficient states, ‘whereas in patients with excess iron, its levels decreases
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[1, 18]. In 2012, a meta—analysig of 10 studies investigating the accuracy of sTfR as a marker for IDA demonstrated its
sensitivity and specificity as 86% and 75%, vrespe‘ctively. Compared with other iron metabolism pal‘amefers such as serum
ferritin, sTfR is also reported not so influenced by inﬂammatioﬁ [19]. Thus, the guidelines in the United Kingdom
‘include sTfR as a marker for IDA, although a stgndardized global cutoff value for sTfR does not exist currently [29]. Qur
findings in this study clearly demonstrated the association of RET-He with sTfR. This supports that RET—He should be
considered as a good marker for ID and IDA as sTfR. There was no significant correlation b'etween RET-He and CRP in
the present smay (coefficient of correlation 0.02: data not shown), however, if RET—He is not influenced by inflammation

~ should need further study in the patients; especially such as ACD or anemia ffom cancer.
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CONCLUSIONS
In the present study, we evaluated the efficacy of RET-He for IDA di'agnosis. Our results indiéated that RET-He could be
a clinically useful marker for determining iron deficiency .in the general population: Therefore, initial measurement of
RET-He in patients with anemia prior to other par;meters, such as sFe or serum ferritin,. might be gseful because its
asseésment is rapid, fully automafed, and requires oﬁly i)eripheral blood samples collected to EDTA tubes with no

additional reagents. Finally, RET-He might also be used for the evaluation of the efficacy of iron administration.
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FIGURE LEGENDS

Figure 1. Reticulocyte hemoglobin equivalent (RET-He) values in patient groups based on their iron status. The

horizontal lines represent mean values. *p. < 0.05

Figure 2. The correlation between reticulocyte hemoglobin equivalent (RET-He) and parameters of iron metabolism.
'(A) The correlation between RET-He and serum iron (sFe). (B) The correlation between RET-He and total iron binding
capacity (TIBC). (C) The correlation between RET-He and transferrin saturation (TSAT). The lines represent -

approximate straight lines.

Figure 3. The correlation between reticulocyte hemoglobin equivalent (RET-He) and serum ferritin. (A) The correlation
between RET-He and serurn ferritin in all patients. (B) The correlation between RET-He and serum ferritin in iron

deficient patients with a serum ferritin level of <12 ng/mL. The lines represent approximate straight lines.

Figure 4. The correlation between reticulocyte hemoglobin equivalent (RET-He) and soluble transferrin receptor (sTfR).

The line represents approximate straight line.

Figure 5. Receiver operating characteristic (ROC) analysis of reticulocyte hemoglobin equivalent (RET-He) in the

diagnosis of iron deficiency.

Figure 6. Time-course variation in select parameters of iron metabolism in patients receiving iron treatment. The graphs
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in the upper panel show the time—ccl)urse’ variations in these parameters of patientg whose hemoglobin (Hb) increased
with treatment over time. The‘graphs in the lower p»anel show the time-course varigtions in parameters of patients whose
Hb either 'decreas'ed_ or did not change with treatment over time. (A) and (D) show the changes in Hb levels over time.
(B) and (E) show the changes in serum férritin levels over time. (C) and (F) show the changes in reticulocyte

hemoglobin equivalent (RET-He) levels over time.
. Supplemental Figﬁre 1. Reticulocyte hemoglobin equivalent (RET-He) values in patient groups based on their iron

status. Anemia was diagnosed with hemoglobin level of less than 120 /L in female but less than 130 g/L in male. The

horizontal lines represent mean values. *p <0.05.
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