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ABSTRACT

Objectives: The objectives of the study are to correlate Micro R% with red cell indices and to assess their efficiency in detecting iron deficiency in
chronic kidney disease (CKD) patients receiving erythropoietin (EPO).

Methods: Red cell indices such as mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), MCH concentration, and red cell
distribution width generated from automated analyzers frequently help in the diagnosis of iron deficiency. Micro R% is a research-only parameter in
an automated analyzer while doing a complete blood count. This study is done to correlate and compare hemoglobin and biochemical parameters in
healthy controls and CKD patients and to correlate the Micro R% with MCV and serum iron in detecting iron deficiency in CKD patients receiving EPO.

Results: Red cell indices showed a good correlation with serum iron studies. Micro R% is a reliable parameter for the identification of iron deficiency
anemia and it correlates with other red cell indices and with serum iron studies.

Conclusion: Identification of iron deficiency in patients with chronic renal failure on dialysis helps us to start the treatment earlier. Anemia-related
complications can be prevented and we can give a better quality of life in these patients.
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INTRODUCTION

Chronickidney disease (CKD) isregarded asa publichealthissue globally
due to its high incidence and prevalence rates. Advanced CKD frequently
leads to anemia and the prevalence of anemia in CKD ranges from 7% to
50% in the more severe phases of the disease, the prevalence of anemia
rises with each stage of CKD [1]. Major factors associated with anemia
in CKD are iron deficiency, iron-related dysfunction, and relative deficit
of erythropoietin (EPO) [2]. Erythropoiesis-stimulating agents (ESAs)
drugs are therefore widely regarded as a standard treatment for anemia
in individuals with CKD. The use of ESAs to normalize hemoglobin in
CKD patients has been shown to be effective in several well-done
studies [3]. Coexisting iron deficiency reduces the benefit of EPO. Red
blood cell (RBC) indices give us details on the hemoglobin content
and size of RBCs. These abnormal results reveal anemia and provide
information regarding the type of anemia and are useful in identifying
the root of anemia [4]. Dialysis patients frequently experienced anemia
as a result of endogenous EPO insufficiency, decreased RBC survival,
and uremic inhibitors. Recombinant human EPO (rHuEPO) and its
analogs are being widely used to treat anemia in CKD patients on
dialysis. Transferrin saturation (TSAT), tissue iron binding capacity
(TIBC), and serum ferritin are the three primary indicators of iron
status. Both the serum ferritin concentration and TSAT, are used to
guide anemia treatment in patients with CKD and are linked to clinical
outcomes in dialysis patients [5-8]. Red cell indices such as mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH),
MCH concentration (MCHC), and red cell distribution width (RDW)
generated from automated analyzers frequently help in the diagnosis of
iron deficiency. Micro R% is a research-only parameter in an automated

analyzer while doing a complete blood count. It gives the percentage
of microcytic red cells excluding the macrocytic red cells. It is claimed
to be the real indicator of microcytosis as it is not influenced by the
factors affecting the red cell size. It helps in redefining the diagnosis of
anemia [9].

Plasma transferrin is a glycoprotein with two iron-binding domains
and is synthesized by the liver [10]. It is the most important vehicle for
transporting iron into cells and preventing iron-mediated free radical
toxicity. Approximately 3 mg of iron (0.1% of total body iron stores)
circulates in the plasma and is bound to transferrin. The sum of all iron
binding sites on plasma transferrin is known as TIBC. TSAT is the ratio
of the total number of occupied iron binding sites to TIBC. The number
of available iron-binding sites is known as unsaturated iron binding
capacity. In healthy individuals, approximately one-third of the iron
binding sites are occupied (TSAT approximately equal to 33%) [10].
In CKD patients, low TSAT (TSAT <20%) combined with low serum
ferritin is diagnostic of absolute iron deficiency. Low TSAT combined
with normal or elevated serum ferritin is diagnostic of functional iron
deficiency. Retrospective analyses of erythropoietic responsiveness
showed that maximum erythropoietic response is achieved at TSAT
levels >30% [11-13]. Anemia is a common complication of CKD. It is
associated with left ventricular dysfunction and heart failure, in addition
to a reduction in exercise capacity and quality of life. The use of iron
therapies and ESAs has allowed improvement in patients with anemia
of CKD. Treatment with rHuEPO in dialysis patients has been shown to
be highly effective in terms of correcting anemia and improving quality
of life [14]. This study is done to evaluate the effectiveness of Micro
R% in detecting iron deficiency in CKD patients receiving EPO, so that


https://orcid.org/0009-0001-7093-2706
https://orcid.org/0000-0002-3204-6981
https://orcid.org/0009-0007-8277-4905
https://orcid.org/0000-0002-5171-5458
https://orcid.org/0000-0003-2753-0717

Divyadharshini et al.

treatment can be started earlier. This study also assesses the red cell
parameters and iron status in EPO injection-receiving hemodialysis
patients.

METHODS

This is the retrospective, analytical, case-control, and hospital-based
study that includes 25 patients, who underwent dialysis and received
EPO injections and another 25 individuals without any abnormalities
as a control group. The hematological parameters such as RBC,
hemoglobin (HB), packed cell volume, MCV, MCH, MCHC, Micro R%, and
Macro R% were performed using a Sysmex XN10 analyzer. TIBC, iron
TSAT was analyzed using automated chemistry analyzer cobas. This
study was approved by the institutional ethical committee.

Inclusion criteria

Dialysis patients over the age of 80 who received rHUEPO treatment
and patients with CKD received EPO. People of the same age without
CKD and no abnormalities in complete blood count were chosen as the
control group.

Exclusion criteria

Individuals with a history of malaria within the past month, pregnant
women, thalassemia, acute leukemia, hemoglobinopathies, coagulation
problems, gastric carcinoma or other malignancies, chronic diseases
such as chronic liver disease, liver cirrhosis, chronic renal failure (CRF),
tuberculosis and cancers.

Statistics

Using the Statistical Packages for the Social Sciences software, we
carried out the statistical analysis. Version 16 and a 0.05 significance
threshold were considered. Using the Shapiro-Wilk test, we first
determined the data and normality before analyzing it. Then, for normal
data, we used the Shapiro-Wilk test, and for non-normal data, we used
the Mann-Whitney test.

RESULTS

In this study, the ratio of Male: Female was 1:1 in both control and
cases. The age group varies from 18 years to 79 years in study cases
and 20 years to 75 years in the control group. The lowest and highest
range of red cell and iron parameters are given in Table 1. Both
dialyzed patients and the control group showed statistically significant
decreases in red cell and iron parameters in varying ranges (Table 2).
The box and whisker plots of analysis of various parameters are given
in Figs. 1 and 2. Micro R% is the estimation of % of microcytic RBC in
the peripheral blood. A research parameter from the Sysmex XN 10
analyzer, micro r% is exclusively used for study. It has the advantage
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over MCV and MCH in thatitis notinfluenced by normal cells mixed with
microcytic red cells. Correlation of Micro R% with MCV and MCH was
done (Fig. 3). Micro R% correlated with MCV in patients and controls.
There was a correlation between Micro R% and MCH in patients and no
correlation in controls.

The results of this study showed that the dialysis patients receiving EPO
therapy showed a significant reduction in HB in comparison to control
groups. Their relationship with serum iron, serum ferritin, TIBC, and
TSAT was not statistically significant. Micro R% was a reliable indicator
of iron deficiency in controls. Micro R% was not helpful in identifying
iron deficiency in CRF patients receiving EPO.

DISCUSSION

Insufficient EPO production by damaged kidneys is the primary
cause of anemia in CKD. The anemia that these people experience
may also be caused by iron deficiency, chronic inflammation,
hyperparathyroidism, and blood loss. Since 1986, rHUEPO has been
utilized to treat the anemia associated with CKD. The majority of
CKD patients, especially those with stage-5 non-hemodialysis CKD
(NDCKD) patients, are iron deficient because of an imbalance in iron
availability. Before starting EPO therapy, it is necessary to evaluate the
patient’s iron status and ensure that there are sufficient iron reserves
on hand. Iron is a crucial component in the production of HB. In
patients with CKD, iron supplementation is necessary for an effective
response to EPO because the demands for iron by the erythroid marrow
frequently exceed the amount of iron that is immediately accessible
for erythropoiesis (as determined by % TSAT) as well as iron reserves
(as measured by serum ferritin). To effectively treat anemia in CKD
patients, iron indices must be estimated and regularly monitored. The
assessment of tissue ferritin and transferrin is uncommon, despite the
fact that patients’ serum iron, TIBC, and ferritin levels are frequently
assessed. The normal range (66-139 g/dL) is where serum iron levels
on average fall for all CKD groups [6]. When compared to controls, the
transferrin levels of group-carbamylated EPO hyporesponsive patients
(31 mg/dL) and CKD patients on hemodialysis (HDCKD) patients on
intravenous (IV) iron (184 mg/dL) dramatically decreased (p=0.0001).
Transferrin levels among patients with HDCKD, EPO-resistant
HDCKD, and NDCKD were also significantly different (p=0.0001) [6].
In our study, there is a significant difference in TSAT, TIBC, and iron
between cases and control. Renal failure is a disorder brought on by
the kidneys’ insufficient ability to remove waste products and poisons
from the blood. It was divided into two categories: acute and chronic.
CRF is characterized by anemia, which is typically normochromic
and normocytic. In patients with CRE, EPO deficiency is the most
frequent cause of anemia [5]. There is a significant decrease in HB

Table 1: Mean, standard deviation, and interquartile range and p-value of red cell parameters and iron parameters in cases and control

S.No Parameters Cases Control
Mean SD p-value Mean SD p-value

1 Hb 8.5 1.2 0.0 135 1.4 0.0

2 MCV 90.3 7.4 0.135 87.6 4.7 0.135

3 MCH 28.4 2.2 0.511 28 1.8 0.511

4 MCHC 32 1 0.159 32 1.1 0.159

5 RDW-CV 14.7 1.5 0.0 13 0.9 0.0

6 RBC 3.2 0.5 0.0 4.8 0.4 0.0
Median IQR p-value Median IQR p-value

7 Micro R% 2.2 (1.1-1.4) 0.3 1.7 (1.1-2.4) 0.3

8 Macro R% 3.5 (2.9-4.4) 0.71 3.9 (3.6-4.4) 0.71

9 Iron 50.3 (26.8-76.4) 0.17 34.7 (15.6-66.8) 0.17

10 TIBC 233.7 (163-259.7) 0.12 237.4 (202-393) 0.12

11 TSAT 22.7 (14.1-30.8) 0.15 15.5 26.67052 0.15

Hb: Hemoglobin, MCV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin concentration, RDW-CV: Red
cell distribution width-coefficient of variation, RBC: Red blood cell, TIBC: Tissue Iron binding capacity, TSAT: Transferrin saturation, SD: Standard deviation,

IQR: Interquartile range
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Table 2: Lowest and highest values of red cell parameters and iron parameters in cases and control

S.No Parameters Cases Control
Lowest Highest Lowest Highest
1 Hb 7 g/dL 11.6 g/dL 11.1 g/dL 16.6 g/dL
2 MCV 79.4 fL 103.5 fL 77.5 fL 96.9 fL
3 MCH 26.1 pg 32.8pg 25.1pg 313 pg
4 MCHC 29.8 g/dL 32.3g/dL 30.1g/dL 33.3g/dL
5 RDW-CV (%) 12.6 18.3 11.8 14.7
6 RBC 2.4x10° uL 4.33x10° uL 4.06x10° uL 5.96x10° puL
7 Micro R% (%) 0.5 4.9 0.5 11.7
8 Macro R% (%) 2.4 9.3 3.3 4.5
9 Iron 20.88 ug/dL 138.88 ug/dL 10.68 pg/dL 288.37 pug/dL
10 TIBC 118 357.1 100 277.4

Hb: Hemoglobin, MCV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin concentration, RDW-CV: Red cell
distribution width-coefficient of variation, RBC: Red blood cell, TIBC: Tissue iron binding capacity
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Fig. 1: Box and whisker plots of analysis of (a) hemoglobin; (b) mean corpuscular volume; (c) mean corpuscular hemoglobin; (d) mean
corpuscular hemoglobin concentration; (e) red cell count; (f) red cell distribution width-coefficient of variation among the cases and
control groups

concentration, which has been linked to chronic kidney failure [4].
It has been observed in our study that there was a decrease in HB
concentration in CKD in comparison with a control group. Due to the
massive blood losses involved with this procedure, iron insufficiency
is a prevalentissue in chronic hemodialysis patients. After 1986, when
rHuEPO was made accessible, most patients with end-stage renal
disease anemia could be successfully treated with the medication.
According to a study of dialysis patients receiving rHuUEPO, patients
had significantly lower serum levels of total iron and TSAT than
healthy individuals [1]. A higher level of RDW was linked to a higher
probability of death from any cause in stage 3-4 CKD. Along with the
rise in death risk and kidney function loss, RDW also increased. RDW
and HB showed a statistically significant correlation [8]. According
to Gafter-Gvili et al., the proactive administration of high-dose iron
was non-inferior to the reactive administration of a low-dose IV iron
regimen and was not linked to an increased risk of death, serious
adverse cardiovascular events, or infection. High-dose iron also made it
possible to reduce the amount of ESA required, the frequency of blood
transfusions, and the number of heart failure hospitalizations [3].

RBC volume-dependent measures such as %Hypo-He, %Hyper-He,
%Micro-R, and Macro-R% are new reticulocyte and erythrocyte
characteristics available on the Sysmex hematology analyzer which
provide a quick and affordable substitute for conventional laboratory
testing, especially in regions with limited resources. These were
stable for <12 h when held at room temperature 4-8°C [7] and are
used to develop discriminant indices for the differential diagnosis of
microcytic anemia in conjunction with other RBC parameters (mostly
hypochromic erythrocytes) [2]. The goal of this study was to examine if
these red cell parameters were useful as a substitute for the iron indices
which are expensive; however, it was found that the research parameter
of Micro R% only corresponds with hematological parameters and not
biological factors (Iron, TSAT, and TIBC). This was the first study to
have analyzed the usefulness of Micro R% in dialysis patients receiving
rHuEPO. Identification of iron deficiency is essential in patients with
CKD as it mandates treatment with oral or [V iron therapy [15]. Anemia
in CKD patients increases, the number of prescribed antibiotics, and the
length of hospitalization [16]. Correction of anemia in CKD patients on
hemodialysis and receiving EPO improves the quality of life [17].
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Fig. 2: Box and whisker plots of analysis of (a) Micro R%; (b) Macro R%; (c) red cell distribution width-coefficient of variation; (d) serum
iron; (e) tissue iron binding capacity; (f) transferrin saturation among the cases and control groups
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Fig. 3: Correlation of Micro R% with (a) mean corpuscular volume in both controls (group 1: r-value: 0.619) and patients
(group 2: r-value: 0.617); (b) mean corpuscular hemoglobin: in controls (group 1: r-value:0.709) and patients (group 2: r-value: 0.429)

CONCLUSION

Anemia in CKD is a complex disease and there are many factors
associated including nephrotoxins [18]. To treat anemia, CKD patients
are put on EPO therapy. Iron supplementation after assessing iron
indices is necessary for an effective response. In our study, we tried
to study if Micro R% done using a hematology analyzer could be an
alternative to studying iron indices in a resource-poor setting. However,
we conclude that Micro R% alone cannot replace the role of iron studies
in CKD patients with anemia.
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