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Abstract
Background: Iron management is essential for anemia treatment in chronic kidney disease. The reticulocyte hemoglobin equivalent (RET-He) is a reticulocyte parameter that reflects hemoglobin synthesis of newly formed erythrocytes in the bone marrow in
real-time.
Objectives: This study aims to evaluate the role of reticulocyte hemoglobin equivalent (RET-He) in predicting iron deficiency in
chronic kidney disease (CKD) patients.
Methods: Following a descriptive cross-sectional observational design, this study was conducted on 131 adult patients with CKD
stages 3 - 5. Laboratory indices, including complete blood count, some biochemical indices, iron status, and reticulocyte indices
(including RET-He), were measured. Iron deficiency (ID) was defined as TSAT < 20%, where serum ferritin level > 100 ng/mL was
defined as functional ID, while serum ferritin level <100 ng/mL was defined as absolute ID.
Results: Nearly 42% of patients had ID. The mean concentration of RET-He in CKD patients with ID was significantly lower than that
of patients without ID (P < 0.001). Based on the Receiver Operating Characteristic (ROC) curve model, RET-He had a good predictive
value for ID in CKD patients (AUC = 0.762; P < 0.001; cut-off value: 28.15 g/L, the sensitivity of 45.5%, and the specificity of 100%). Serum
iron, RET-He, serum albumin, and mean corpuscular volume (MCV) were independent risk factors to predict ID in CKD patients.
Conclusions: This study demonstrated that RET-He is an appropriate index to predict ID in CKD patients.
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1. Background
Chronic kidney disease (CKD) is a widespread health
problem affecting millions worldwide. CKD not only is
associated with increased incidence, prevalence, and cost
of treatment but also leads to end-stage CKD. Anemia is
a common complication of CKD that contributes to reduced quality of life and poor treatment outcomes (1, 2).
Erythropoiesis-stimulating agents (ESAs) promote erythropoiesis in CKD patients; however, iron deficiency often
leads to decreased response to treatment with ESA (3). Iron
deficiency often leads to increased doses of ESAs, causing
adverse effects in patients (4). Therefore, the assessment
of iron status in CKD patients is essential. In clinical practice, clinicians often use traditional markers to evaluate
iron status, such as serum iron, ferritin, and transferrin saturation (TSAT) levels (5). Reticulocyte hemoglobin equivalent (RET-He) is a new indicator to assess the iron status

of immature erythrocytes, which can be measured by a
flow cytometry technique (4). RET-He is a parameter that
reflects hemoglobin synthesis by newly formed red blood
cells in the bone marrow in real-time. In order to clarify the role of RET-He in predicting ID in CKD patients, we
conducted this study to "evaluate the role of Reticulocyte
hemoglobin equivalent (RET-He) for predicting iron deficiency in chronic kidney disease patients."
2. Objectives
This study aimed to evaluate the RET-He role in predicting iron deficiency in CKD patients.
3. Methods
Following a descriptive cross-sectional observational
design, this study was conducted on 131 adult patients with
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CKD stages 3 - 5 attending the Department of Nephrology and Hemodialysis, Military Hospital 103, from October
2019 to October 2020. Patients aged 16 years and above,
in both genders, diagnosis with CKD stages 3 - 5 (without
undergoing hemodialysis) who were willing to participate
were recruited in this study. We excluded patients who
were on renal replacement therapy, or had a history of receiving EPO within the previous two weeks, or had a history of receiving iron therapy, and those with evidence of
bleeding, infection, or blood transfusion within the past
six months.
Laboratory investigation included complete blood
count, conventional biochemical indices, high-sensitivity
C-reactive protein (hs-CRP), free iron, and ferritin concentration tests. CKD was diagnosed and staged based on
the National Kidney Foundation/Kidney Disease Outcome
Quality Initiative (NKF/KDOQI) criteria (6). Anemia in CKD
was defined as World Health Organization (WHO) criteria (Hb < 130 g/L in males and < 120 g/L in females) (7).
Serum iron profiles consist of free iron, ferritin, and TIBC,
in which TIBC was estimated by a Diagnosis-Related Group
TIBC (bioactive) enzyme-linked immunosorbent assay kit
using the principle of competitive binding.
TSAT (%) was calculated as ((serum iron × 100)/TIBC).
Iron deficiency (ID) was defined as TSAT < 20%, where
serum ferritin level > 100 ng/mL was defined as functional
ID, while serum ferritin level < 100 ng/mL was defined as
absolute ID, according to the NKF’s KDOQI anemia guidelines (8).
Complete blood count and reticulocyte indices were
performed on a Sysmex XN1000 analyzer, Japan. RET-He
was measured in the reticulocyte channel by flow cytometry using a Polymerthin fluorescent dye.
3.1. Statistical Analysis
All the continuous data were represented by the mean
and standard deviation (for normally distributed data) or
by the median and interquartile (for non-normally distributed data). These data were compared by the Student’s
t-test or Mann-Whitney U test, respectively. Categorical
data were presented by the frequency with percentage and
were analyzed using the Chi-square test. Pearson correlation was used to measure the degree of the association
between linearly related variables. The receiver operating
characteristic (ROC) curves with the area under the curve
(AUC) were calculated to predict ID. Multivariate adjusted
regression analysis was performed to determine the independent risk factors for ID (using a backward selection procedure). Statistical analysis was calculated by the Statistical Package for the Social Science version 22.0. A P-value <
0.05 was considered significant.
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4. Results
Table 1 shows the baseline characteristics of all patients. The mean age of all patients was 51.56 ± 18.2 years, in
which the proportion of males was more than 70%. There
were 51 patients with CKD stages 3 - 4 in our study, and
80 patients had CKD stage 5. In our study, the proportion of hypertension, anemia, and ID were 84%, 93.1%, and
42%, respectively. The mean RET-He concentration was 30.2
± 3.69 g/L. When comparing the demographic and laboratory characteristics between the two groups (ie, CKD
stages 3 - 4 and CKD stage 5), we found no difference in
some baseline characteristics such as the mean age, gender, body mass index (BMI), anemia, as well as some laboratory indices such as MCV, MCH, MCHC, absolute reticulocyte counts, and serum iron concentration. Besides, as
shown in Table 1, patients with CKD stage 5 had a significantly higher proportion of hypertension, CGN etiology,
moderate, and severe anemia; higher median concentration of urea, creatinine, hs-CRP, reticulocyte percentage,
RET-He, serum ferritin, and TSAT; lower eGFR, serum albumin level, TIBC, and proportion of ID, as compared to those
of patients with CKD stages 3 - 4.
When comparing some hematological indices based
on ID status, we found that the mean concentration of
MCHC and RET-He in CKD patients with ID was significantly
lower than that of patients without ID (P = 0.001 and P
< 0.001, respectively). CKD patients with ID had lower
hemoglobin, MCH, MCHC, absolute reticulocyte count,
and a higher reticulocyte percentage. However, the difference is not statistically significant, with P > 0.05 (Table 2).
As shown in Table 3, there was a strong positive correlation between RET-He and serum iron (r = 0.513, P < 0.001),
and TSAT (r = 0.589, P < 0.001); a moderate positive correlation between RET-He and Ferritin (r = 0.399, P < 0.001); and
a weak negative correlation between RET-He and TIBC (r =
-0.182, P = 0.037) (Table 3).
Based on the ROC curve model, RET-He had a good predictive value of ID in CKD patients compared to some traditional iron indices (AUC = 0.762; P < 0.001; cut-off value:
28.15g/L, the sensitivity of 45.5%, and the specificity of 100%)
(Figure 1).
Table 4 shows that serum iron, RET-He, serum albumin,
and MCV are independent risk factors for ID in CKD patients.
5. Discussion
We apply the WHO diagnostic criteria for anemia based
on hemoglobin concentration (HGB). Anemia was defined
as HGB < 130 g/L for adult men and < 120 g/L for women.
In our study, the proportion of anemia was 93.1% (patients
Nephro-Urol Mon. 2022; 14(2):e121289.
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Table 1. Clinical Characteristics and Laboratory Parameters for Each Chronic Kidney Disease Stage (N = 131) a
Clinical Characteristics and Laboratory Parameters
Ages (y)

All Patients (N = 131)

CKD Stage 3 and Stage 4 (N = 51)

CKD Stage 5 (N = 80)

P-Value

51.56 ± 18.2

53.71 ± 18.11

50.19 ± 18.24

0.283

36 (27.5)

12 (23.5)

24 (30)

Sex

0.419
Female
Male

95 (72.5)

39 (76.5)

56 (70)

20.34 ± 1.94

20.48 ± 1.95

20.24 ± 1.93

0.496

110 (84)

36 (70.6)

74 (92.5)

0.001

CGN

62 (47.3)

15 (29.4)

47 (58.8)

Chronic pyelonephritis

24 (18.3)

15 (29.4)

9 (11.3)

Diabetes

19 (14.5)

9 (17.6)

10 (12.5)

Hypertension

20 (15.3)

12 (23.5)

8 (10)

BMI
Hypertension
Etiology

Polycystic kidney diseases

0.001

6 (4.6)

0 (0)

6 (7.5)

Serum Urea (mmol/L)

23.8 (15.3 - 35.4)

13.3 (9.8 - 17.5)

31.6 (24.94 - 41.2)

Serum creatinine (µmol/L)

503 (265 - 866)

201 (165 - 294)

752 (577.25 - 1000.25)

< 0.001

eGFR (ml/mim/1.73 m2)

10.5 (5.7 - 20.4)

28.9 (16.9 - 35.9)

6.5 (5.02 - 9.5)

< 0.001

< 0.001

Serum albumin (g/L)

35.93 ± 6.12

37.43 ± 5.73

34.97 ± 6.21

0.024

hs-CRP (mg/L)

2.5 (0.5 - 11.8)

1.08 (0.32 - 3.25)

3.1 (1.1 - 14.87)

0.003

122 (93.1)

45 (88.2)

77 (96.3)

0.153

Mild

41 (33.6)

27 (60)

14 (18.2)

Moderate

46 (37.7)

15 (33.3)

31 (40.3)

Severe

35 (28.7)

3 (6.7)

32 (41.6)

Hb (g/L)

96.01 ± 26.45

107.88 ± 29.4

88.44 ± 21.33

< 0.001

MCV (fL)

85.05 ± 8.01

83.35 ± 9.17

86.13 ± 7.02

0.069

MCH (pg)

27.93 ± 3.19

27.44 ± 3.48

28.25 ± 2.98

0.177

Anemia
Severity of anemia

< 0.001

MCHC (g/L)

324.17 ± 22.33

321.56 ± 19.09

325.83 ± 24.14

0.288

RET# (T/l)

0.071 (0.062 - 0.084)

0.071 (0.062 - 0.075)

0.073 (0.064 - 0.085)

0.771

RET% (%)

2.00 ± 0.65

1.84 ± 0.5

2.1 ± 0.72

0.032

RET-He (g/L)

30.2 ± 3.69

29.11 ± 4.15

30.9 ± 3.2

0.01

10.8 (6.6 - 15.1)

10.8 (7.2 - 15.1)

10.85 (6.45 - 14.9)

0.538

369.37 (173.02 - 488.28)

252.6 (187.1 - 405.65)

404.38 (169.38 - 541.02)

0.041

51.47 (39.57 - 72.3)

72.3 (67.9 - 81.25)

43.38 (35.09 - 59.62)

< 0.001

20.58 (12.73 - 24.36)

17.05 (10.33 - 20.58)

22.46 (18.05 - 31.96)

< 0.001

Yes

55 (42)

30 (58.8)

25 (31.2)

No

76 (58)

21 (41.2)

55 (68.8)

Serum iron (µmol/L)
Ferritin (ng/mL)
TIBC (µmol/L)
TSAT (%)
Iron deficiency

0.002

Abbreviations: CKD, chronic kidney disease; BMI, body mass index; CGN, chronic glomerulonephritis; eGFR, estimated glomerular filtration rate; hs-CRP, high-sensitivity
C-reactive protein; Hb, hemoglobin; MCV, mean corpuscular volume; MCH, mean corpuscular Hb; MCHC, mean corpuscular Hb concentration; RET#, absolute reticulocyte count; RET%, reticulocyte percentage; RET-He, reticulocyte hemoglobin equivalent; TIBC, total iron-binding capacity; TSAT, transferrin saturations; SD, standard
deviation.
a
All the continuous data were represented by the mean +_ SD (for normally distributed data) or by the median and interquartile (for non-normally distributed data).
Categorical data were presented by the No. (%).
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Figure 1. Receiver operating characteristics (ROC) curves of RET-He and some iron status indices for prediction of iron deficiency in CKD patients (n = 131). RET-He: AUC = 0.762;
P < 0.001; Cut-off: 28.15 (g/L); Sensitivity: 45.5%; Specificity: 100%

with CKD stages 3 and 4 were 88.2%, and patients with CKD
stage 5 were 96.3%). The prevalence of anemia in our study
was higher than in some other studies. Li et al. studied the
proportion and severity of anemia in 2420 CKD patients in
Shanghai, China, and indicated that the proportion of anemia in patients with chronic kidney disease (CKD) stages 3,
4, and 5 was 51.1%, 79.2%, and 90.2%, respectively (9). Salman
et al. showed that the proportion of anemia was 75.8% in all
stages. The proportion of anemia in CKD stage 3 was 41.9%,
stage 3b was 63.4%, stage 4 was 85.4%, and stage 5 was 97.4%
(10). Anemia is a widespread complication in CKD patients
with and without kidney failure.
The prevalence of anemia usually increases with the
CKD stage. The more severe the renal function is, the
higher the proportion of anemia and its severity. This
4

reflects the pathogenesis of chronic renal failure. As
the kidney function decreases drastically, the severity
of metabolic and endocrine disorders also increases, in
which the disturbance of erythropoietin secretion worsens (10-12). In addition, inflammatory cytokines inhibit
hematopoiesis in the bone marrow due to the development of alkaline balance disorder and increased levels of
free radicals, which may worsen anemia (13). Many subsequent studies provided evidence to better understand
the causes and mechanisms of anemia in CKD patients
more fully. All three mechanisms of anemia had been
seen in CKD patients, including reduced hematopoiesis in
bone marrow, increased destruction of red blood cells, and
blood loss (14).
Since the KDOQI 2006 workgroup recommended tarNephro-Urol Mon. 2022; 14(2):e121289.
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Table 2. Comparison of Some Hematological Indices Based on Iron Deficiency Status
(N = 131)
Variables

Iron Deficiency (N = 55)

None (N = 76)

P-Value

Hb (g/L)

94.44 ± 25.66

97.15 ± 27.12

0.565

MCV (fL)

84.75 ± 8.21

85.26 ± 7.91

0.719

MCH (pg)

27.67 ± 2.58

28.12 ± 3.58

0.432

MCHC (g/L)

316.89 ± 16.84

329.44 ± 24.35

0.001

RET# (T/l)

0.071 (0.058 - 0.087)

0.073 (0.065 - 0.084)

0.325

RET% (%)

2.01 ± 0.81

1.99 ± 0.51

0.918

RET-He (g/L)

27.99 ± 4.18

31.8 ± 2.2

< 0.001

Abbreviations: Hb, hemoglobin; MCV, mean corpuscular volume; MCH, mean
corpuscular Hb; MCHC, mean corpuscular Hb concentration; RET#, absolute reticulocyte count; RET%, reticulocyte percentage; RET-He, reticulocyte
hemoglobin equivalent.

Table 3. Correlation Between RET-He and Several Iron Status Indices (N = 131)
Indices

RET-He (g/L)

Correlation Equation

r

P-Value

Serum iron (µmol/L)

0.513

< 0.001

RET-He = 0.299 × Serum
iron + 26.746

Ferritin (ng/mL)

0.399

< 0.001

RET-He = 0.008 × Ferritin
+ 27.522

TIBC (µmol/L)

-0.182

0.037

RET-He = 32.139 - 0.034 ×
TIBC

TSAT (%)

0.589

< 0.001

RET-He = 0.166 × TSAT +
26.529

Abbreviations: RET-He, reticulocyte hemoglobin equivalent; TIBC, total ironbinding capacity; TSAT, transferrin saturations.

Table 4. Multivariate Logistic Regression Analysis Concerning Prognosis Factor for
Iron Deficiency in CKD Patients (N = 131)
Variables

OR

95% Cl

P-Value

Serum iron (µmol/L)

0.833

0.741 - 0.936

0.002

RET-He (g/L)

0.624

0.482 - 0.81

< 0.001

Albumin (g/L)

1.126

1.028 - 1.232

0.011

MCV (fL)

1.074

1.003 - 1.149

0.04

MCHC (g/L)

0.97

0.938 - 1.003

0.076

Abbreviations: RET-He, reticulocyte hemoglobin equivalent; MCV, mean corpuscular volume; MCHC, mean corpuscular Hb concentration.

geting serum ferritin levels of more than 100 ng/mL in patients with non-dialysis ESRD, some randomized control
studies showed that iron treatment had erythropoietic effects in patients with stages 3 – 5 CKD and ferritin levels
exceeding 100 ng/mL (8, 15). Currently, the Vietnamese
Nephrology Association covers the use of intravenous iron
in patients with CKD and with TSAT < 20.0% or ferritin <
100 ng/mL, and Hb lower than 10 g/dL. In our study, the total
ID proportion was 42%. When investigating iron status in
CKD patients, we found that patients with CKD stage 5 had
Nephro-Urol Mon. 2022; 14(2):e121289.

a significantly lower proportion of ID than patients with
CKD stages 3 - 4 (58.8% compared to 32.2%). This result can
be attributed to the fact that most patients with CKD stages
3 - 4 were newly discovered and had no history of receiving
treatment. Therefore, the proportion of ID was higher than
patients with stage 5 CKD who received treatment. Alzaheb et al. reported that ID anemia was prevalent (12.5%)
among female university students in Saudi Arabian. They
also reported that inadequate iron intake was a risk factor
for anemia (16). In our study, the median concentration of
serum ferritin and TSAT were significantly lower, and the
median concentration of TIBC was significantly higher in
patients with CKD stage 5 than stages 3 - 4. It can be attributed to the fact that in patients with chronic renal failure, ID can be caused by several factors such as inadequate
iron intake due to poor diet or restrictive diets, reduced
iron absorption, and blood loss through heavy periods or
internal bleeding (17, 18). Several biochemical indices, such
as serum ferritin concentration and TSAT, are used to diagnose ID. However, these tests also have certain restrictions:
TSAT% is strongly affected by the daily iron fluctuation,
while serum ferritin can be increased in chronic inflammatory diseases (19, 20). Therefore, RET-He has become a
potential indicator to replace ferritin and TSAT to assess
iron storage in CKD patients because it directly evaluates
the iron used for the hemoglobin biosynthesis throughout
erythropoiesis (21).
As results in Table 1 indicate, the mean value of the
reticulocyte percentage (RET%) was 2%; absolute reticulocyte count (RET#) was 0.071 T/L, and reticulocyte
hemoglobin equivalent (RET-He) was 30.2 pg. In our study,
both percentage and the absolute value of reticulocytes
were higher than those of Maconi et al., who studied over
200 dialysis patients (1.45% and 0.05 T/L, respectively).
However, the concentration of RET-He in our study was
lower than that of Maconi M. et al. (30.2 pg compared to
33.9 pg) (22). Miwa et al. studied 217 hemodialysis patients
and showed that the RET-He mean value was 32.4pg (23).
The observed difference in the findings of these studies can be attributed to the characteristics of participants.
In our study, patients had not been treated with any renal
replacement therapy or iron supplementation treatment.
Therefore the proportion of patients with iron deficiency
anemia in our study were higher than those above studies.
As shown in Table 2, the mean concentration of MCHC
and RET-He in CKD patients with ID was significantly
lower than that of patients without ID (P = 0.001 and P <
0.001, respectively). This finding is entirely consistent with
the characteristic of iron-deficiency anemia, hypochromic
anemia, and decreased concentration of RET-He.
When studying the correlation between RET-He and
some iron status indices, we found a strong positive corre5
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lation between RET-He and serum iron (r = 0.513, P < 0.001),
and TSAT (r = 0.589, P < 0.001); a moderate positive correlation between RET-He and Ferritin (r = 0.399, P < 0.001);
and a slight negative correlation between RET-He and TIBC
(r = -0.182, P = 0.037) (Table 3). Measurement of reticulocyte hemoglobin equivalent (RET-He) is a test to diagnose
and monitor ID anemia. RET-He is an early measurement of
the current iron supply to erythropoiesis in the bone marrow (24). Therefore, when ID occurs, manifesting in the
depletion of red blood cells (decreased MCH) or decreased
serum iron and ferritin concentrations, the concentration
of RET-He will also decreases.
Many studies used RET-He as a reliable indicator to assess ID in CKD patients. Based on the ROC curve analysis
(Figure 1), RET-He had a good predictive value for ID in CKD
patients compared to some traditional iron indices (AUC =
0.762; P < 0.001; cut-off value: 28.15 g/L, the sensitivity of
45.5%, and the specificity of 100%). Our results were similar
to those of Miwa et al.. In this study, RET-He had a good predicting value for ID with AUC = 0.776; cut-off value = 33pg;
sensitivity = 74.3%; specificity = 64.9% (23). Brugnara et al.
also showed that at the cut-off level of 27.2 pg, RET-He had
a diagnostic value for ID with AUC = 0,913; P < 0.0001; sensitivity up to 93.3%; specificity of 83.2% (25). A multivariate
regression model using backward selection criteria was established to confirm the predictive value of RET-He in predicting ID in CKD patients. The results presented in Table
4 show that serum iron, RET-He, serum albumin, and MCV
were independent risk factors for predicting ID in CKD patients.
5.1. Conclusions
In conclusion, RET-He had a good predictive value of
iron deficiency in CKD patients compared to some traditional iron indices.
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