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The effectiveness of reticulocyte hemoglobin content (CHr) had been reported to detect early functional
iron deficiency especially among Chronic kidney disease (CKD) patients. CHr is more superior to classic
biochemical indices in reflecting transient iron-deficiency status, therefore improving diagnosis and
treatment. This study was conducted to determine the sensitivity of CHr in the diagnosis of functional
iron deficiency (FID) in hemodialyzed patients. One hundred hemodialyzed patients along with 60
healthy controls were recruited and blood specimens were collected. Venous blood was used for hema-
tological and biochemical investigations collected via 3 ml lavender-top tubes for hematological tests
including CBC, blood film, ESR and CHr, and red-top tube for biochemical tests including TIBC, SF and
CRP. A statistically significant decrease was noted in CHr values between hemodialysis patients and
the control group (24.8 ± 2.0 pg vs. 30.9 ± 1.3 pg, p<0.001). CHr values showed a significant correlations
with RBCs, Hb- hemoglobin, Hct- hematocrit level, MCV- mean corpuscular volume, MCH- mean corpus-
cular hemoglobin, MCHC, RDW- red cell distribution width , SI-Serum Iron, TIBC- Total iron binding
capacity and TSAT- Transferrin saturation. The present study showed that CHr in comparison to the con-
ventional hematological and biochemical markers commonly used to diagnose iron deficiency.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Iron is a very important substance, which was needed by the
body to transport oxygen to tissues. Majority of the body iron
(2/3) is in the red blood cells (RBC), and about 1/3 is stored in
the liver, spleen and bone marrow. Iron is transported into the cir-
culation by transferrin(Knutson, 2017). Patients on hemodialysis
have lower intestinal iron absorption and greater iron loss
(Rostoker et al., 2016). Levels of ingested iron vary from very small
amounts up to 200 mg as that was seen in end-stage renal disease
(ESRD) patients given supplements(Rostoker et al., 2016). In ESRD
though, there is little iron absorption, as 1 to 2% of this stored iron
(Zumbrennen-Bullough and Babitt, 2014). Some studies showed
that despite therapy with recombinant human erythropoietin
(rHuEPO) in hemodialysis (HD) patients, there would still be iron
deficiency anemia in as much as 49.1% of HD patients(Kuo, 2018;
Chavers, 2004). Thus, there is an utmost need for compensation
of iron in HD patients
In Chronic kidney disease (CKD) patients on HD, annual iron
loss can amount to 2 to 4 g or even more. Correction of anemia
in hemodialysis patients with Recombinant human erythropoi-
etin(rHuEPO) can be infuriating, if iron is insufficient(Alves,
2015). Thus, it is wise to establish the diagnosis of iron deficiency
in CKD patients on HD. However, there is no ideal test for monitor-
ing iron storage. Currently, iron status is evaluated by serum fer-
ritin levels (SF) and transferring saturation (TSAT). Although
serum ferritin is still a reliable indicator of iron confession in most
cells(Nakanishi, 2010), its value is limited because ferritin is an
acute-phase reactant(Kell and Pretorius, 2014) and the extracellu-
lar ferritins are raised in incendiary or malicious disease(Wang,
2010).

Other biomarkers of body iron stores were assessed including
transferrin saturation (TSAT), percentage of hypochromic erythro-
cytes (HYPO) and hemoglobin content of reticulocytes (HCr)
(Buttarello, 2016; Cai, 2017). In one study, TSAT showed most suit-
ability to determine iron stores for optimal IV iron therapy
(Buttarello, 2016). However, more studies showed that both TSAT
and ferritin as poor indicators of body iron load particularly in
hemodialysis patients (Diebold and Kistler, 2019; Ali Rafi, 2007;
Wish, 2018).
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Table 1
Comparison of mean results of haematological and biochemical parameters in CRF
and control groups.

Variables Control CRF T test
Mean ± SD Mean ± SD p values

WBC, x103/ul 6.3 ± 1.9 5.7 ± 1.8 <0.001
RBC, x106/ul 4.7 ± 0.5 3.7 ± 0.4 <0.001
Hb in g/dl 14.1 ± 1.4 9.6 ± 0.8 <0.001
Hct in % 41.6 ± 4.1 29.0 ± 2.6 <0.001
MCV in fL 87.1 ± 2.9 80.4 ± 5.9 <0.001
MCH in pg 29.7 ± 1.0 26.6 ± 2.3 <0.001
MCHC in g/dl 34.3 ± 1.5 32.0 ± 1.5 <0.001
RDW in % 13.2 ± 0.5 15.1 ± 1.7 <0.000
Plt, x103/ul 26.2 ± 4.8 21.3 ± 9.1 <0.001
CHr in pg 30.9 ± 1.3 24.8 ± 2.0 <0.001
SI in umol/L 20.9 ± 2.9 10.1 ± 5.1 <0.001
TIBC in umol/L 42.8 ± 4.5 45.7 ± 7.7 0.004
TSAT in % 46.4 ± 6.0 17.4 ± 8.1 <0.001
SF in ug/L 9.7 ± 1.2 52.6 ± 31.6 <0.001

Table 2
Correlations between CHr values and the mean results of hematological and
biochemical parameters for iron status in CRF patients.

Variables CHr
Correlation DF= n-2 p values

RBCs 0.468- 98 <0.001
Hb 0.557 98 <0.001
Hct 0.516 98 <0.001
MCV 0.548 98 <0.001
MCH 0.548 98 <0.001
MCHC 0.300 98 0.003
RDW -0.56 98 <0.001
SI 0.789 98 <0.001
TIBC 0.225 98 0.025
TSAT 0.636 98 <0.001
SF 0.228 98 0.023
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The usefulness of CHr has been reported to identify initial func-
tional iron shortage particularly amongst CKD patients who are on
EPO therapy (Kuo, 2018; G, T., Renal anemia: a nephrologist’s view.
HIPPOKRATIA, 2011; Hayat et al., 2008; Reddy et al., 2013).
Increasing evidence showed that CHr is more superior than classic
biochemical indices in reflecting transient iron-deficiency status,
thus improving diagnosis and treatment (G, T., Renal anemia: a
nephrologist’s view. HIPPOKRATIA, 2011; Hayat et al., 2008;
Reddy et al., 2013). This study was conducted to determine the
sensitivity of CHr in the diagnosis of functional iron deficiency
(FID) in hemodialyzed patients.

2. Materials and Methods

One hundred adults (>18 years old), comprised of 51 males and
49 females were recruited from the hemodialysis unit of Prince
Sultan ibn Abdulaziz King Fahad Hospital in Jizan, Saudi Arabia. Eli-
gibility criteria included the age criteria more than 18 years old,
and those undergone hemodialysis treatment for more than 3
months, the EPO dosing for at least three months with no changes
in EPO dosing for at least 4 weeks. All patients received EPO 2,000-
6,000 units three times a week.

A control group was selected from blood donors from the same
institution comprising of 60 healthy individuals (43 males and 17
females). All were with normal complete blood count (CBC) and
biochemical iron parameters. Informed and written consents were
taken from all participants, both hemodialysis and control group.

Blood specimens were collected from all patients. Venous blood
was used for all hematological and biochemical investigations and
collected via 3 ml lavender-top tubes for hematological tests
including CBC, blood film, ESR and CHr, and red-top tube for bio-
chemical tests including TIBC, SF and CRP.

2.1. Reticulocyte hemoglobin content measurement

CHr was measured on the ADVIA 2120 hematology analyzer
(Siemens Diagnostic Solutions, Tarrytown, New York). Measure-
ment was carried out by fluorescence flow cytometry as the CHr
which stains cells according to their RNA content (Fishbane et al.,
1997).

ESR was measured by Westergren using Sedplast ESR system
(Polymedco, Cortlandt Manor, NY). Serum iron, serum iron binding
capacity were measured automatically using Siemens Flex reagent
cartridge DF49A on Dade Behring Dimension RXL clinical chem-
istry autoanalyser. Serum ferritin was measured using Modular
Analytic E170 analyzer. CRP was measured by NycoCard CRP single
test from Axis-shield.

2.2. Statistical Analysis

Data analysis was performed using Statistical Package for Social
Sciences version 18.1 (SPSS Inc, Chicago, Il, USA)(Corp., 2010). All
normal distributions of continuous variables were reported as
mean ± standard deviation. Correlation coefficient was used to
analyze the degrees of association between two variables (Pearson
correlation coefficient with p value and 95% confidence interval for
r). Regression analysis were performed to describe the relationship
between two variables and to predict one variable from another. P
values <0.05 were considered statistically significant for all
analyses.

3. Results

There were 100 hemodialysis patients, 51 (51%) males and 49
(49%) females. Mean age of the patients was 46.9 ± 9.9 years. Mean
CHr was 24.8 ± 2.0 pg. Mean TSAT was 17.4 ± 8.1%. Mean TIBC was
45.7 ± 7.7 umol/L. Mean hematological and biochemical parame-
ters in these patients are shown in Table 1. Most of the patients
had transferring saturation (TSAT) <20% and serum ferritin (SF)
of >100 ug/L. Mean CRP was 11.1 ± 4.0 mg/L. Mean EPO dose was
3393.3 ± 1328.2. (Table 1)

In contrast to the control group, hemodialysis patients had sig-
nificantly lower (Hb), (RBC), (Hct), (MCV), (MCH), (MCHC), (SI) and
(TSAT)(Karagülle, 2013). A statistically significant decrease was
noted in CHr values between hemodialysis patients and the control
group (24.8 ± 2.0 pg vs. 30.9 ± 1.3 pg, p<0.001). (Table 1)

The correlations between CHr values and the mean results of
hematological and biochemical parameters of iron status in
hemodialysis patients were calculated and shown in Table 2. CHr
values showed a significant negative correlation. There were signif-
icant positive correlations seen between CHr and SI (r=0.79,
p<0.001), TIBC (r=0.225, p=0.025) and TSAT (r=0.64, p<0.001).
(Table 2, Figures 1 and 2)
4. Discussion

In this study, hemodialysis patients had significantly lower HB,
RBC, Hct. MCV, MCH, MCHC, SI, TSAT and, higher levels of RDW,
TIBC and SF compared to the control group. There was significantly
lower level of CHr in hemodialyszed patients compared to the con-
trol group. The mean CHr in our study group was 24.8 ± 2.0 pg,
which is in congruence to the values reported by Fishbane et al.
(1997) (27.5 ± 2.8 pg) done in 164 stable hemodialyzed patients
but, is lower than the values reported by Fukui et al. (2002) (mean



Figure 1. Correlations between CHr values and haematological parameters in CRF patients.
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Figure 2. Li near regression analysis showing the correlations between CHr values and biochemical parameters in CRF patients.
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of 31.0 pg), Kim et al. (2008) (29.9 ± 1.9 pg), Miyata (2003) (33.1 ±
1.5 pg), Buttarello (2010) (mean of 30.6 pg) and Urrechaga (2009)
(31.6 ± 3.5 pg).

This study also showed the inverse correlation between CHr and
Total RBC count. This is in agreement with Mittman’s report Neal
Mittman et al., 1997, who suggested that the erythropoeitic stim-
ulus of routinely administered rHuEPO may result in functional
iron deficiency. The positive correlations that existed between
CHr and Hb, Hct, SI, TSAT and SF, making CHr as a potential marker
for monitoring renal anemia especially in dialyzed patients Neal
Mittman et al., 1997.

The hemodialysis procedure is linked to an increased risk of
inflammation thus elevations of CRP levels, which somewhat
increases when patients start HD. However, CRP responds only in
acute phases of inflammation but it subsides quickly in concentra-
tion Gabay and Kushner, 1999, thus making CHr as a promising test
to measure ID in hemodialysis patients (Fishbane et al., 1997;
Hurrell, 2012; Saito, 2014; Menno, 1998; Nairz, 2016; Wessling-
Resnick, 2010; Kotze1 et al., 2009; Van Wyck, 1989; Tarng, 1999;
Muñoz, 2008).

The present study showed that CHr in comparison to the con-
ventional hematological and biochemical markers commonly used
to diagnose iron deficiency yielded a good and acceptable correla-
tion. CHr can be a very good predictor of iron deficiency and enable
to diagnose iron deficiency anemia more rapidly during a routine
blood testing with little incremental cost. Our study confirms that
CHr is not influenced by the inflammatory process that exists dur-
ing hemodialysis.
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