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ABSTRACT

Background: Anemia appears in the early
stages of CKD and its prevalence increases as
kidney function declines. Ret-HE can be used to
diagnose iron-deficiency anemia. Indonesia does
not yet have appropriate research data on RET-
He levels in CKD patients undergoing
hemodialysis as a parameter to assess iron.
Therefore, this study aims to examine the ability
of RET-He as an alternative parameter to assess
iron deficiency in hemodialysis patients.
Method: This research is a correlation analytic
study with a cross-sectional design, carried out
in February-May 2021 at the Hemodialysis
Installation of H. Adam Malik Hospital. Blood
sample collection and examination are carried
out at the Clinical Pathology Laboratory.
Primary and secondary data were collected from
interviews, questionnaires, or patient medical
records. The data will be analyzed by Pearson
correlation test using SPSS software.

Results: A total of 41 samples consisted of 31
anemic patients and 10 anemic patients with
normal RET-He levels. Demographic
characteristics based on age group with an
average of 47+13.28 years. The correlation of
Ret-HE and TSAT levels in CKD patients
undergoing hemodialysis shows a significance
value of 0.000, so it can be concluded that there
is a correlation between RET-HE and TSAT
levels with a significance value of <0.05.
According to the Pearson correlation number of
0.618 which is in the range of 0.61 to 0.80.
Conclusion: There is a positive correlation
between Ret-HE levels and iron deficiency

anemia in CKD patients undergoing regular
hemodialysis.
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INTRODUCTION

Chronic kidney disease (CKD)
affects between 8% and 16% of the
population worldwide. Globally, CKD is
most commonly associated with diabetes
and/or hypertension, but other causes such
as glomerulonephritis, infections, and
environmental exposures (such as air
pollution, herbal remedies, and pesticides)
are common in Asia, sub-Saharan Africa,
and other developing countries.™!

CKD resulted in 1.2 million deaths
in 2017. An additional 1.4 million deaths
from cardiovascular disease were caused by
impaired kidney function, representing 7.6%
of deaths from cardiovascular disease in
2017”1 IRR (Indonesian Renal Registry)
data from 651 renal units reported, there
were 132,142 patients actively undergoing
dialysis in 2018, most are patients with
CKD.P!

Anemia appears in the early stages
of CKD and its prevalence increases with
decreasing kidney function. The etiology of
anemia in CKD patients is multifactorial.
Major contributing factors include absolute
or functional iron deficiency; relative
erythropoietin  deficiency, deficiency of
micronutrients such as folic acid and B-
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complex vitamins, chronic inflammation,
infection, blood loss after extracorporeal
circulation, blood collected for examination
purposes, and hemolysis.'?A CKD patient
on hemodialysis (HD) loses about 1-2 g iron
per year through this mechanism.
Reticulocyte Hb equivalent (RET-
He) levels <25 pg indicate classic iron
deficiency and also predict functional iron
deficiency in those receiving Erythropoiesis
Stimulating Agent (ESA) therapy. RET-He
value < 30 6 pg seems to be the best
predictive value for the possible response to
intravenous iron therapy in chronic kidney
disease  (CKD) patients undergoing
hemodialysis.®) =~ RET-He, a  new
hematological parameter in routine blood
tests, and may play an important role in the

differential diagnosis of hypochromic
microcytic anemia.®!
Several previous studies have

reported the usefulness of RET-He as a
parameter for evaluation of iron status. A
study byEtienne et al. compared Ret-He
parameters in iron deficiency anemia with
anemia of chronic disease. The results
showed that Ret-He was significantly lower
in iron deficiency anemia than in anemia of
chronic disease. Ret-He can be used to
diagnose iron-deficiency anemia with a
sensitivity of 85% and specificity of 69%."!
Until now, Indonesia does not have
appropriate research data on RET-He levels
in CKD patients undergoing hemodialysis
as a parameter to assess the target of iron
supplementation.  Similar studies were
conducted in Italy and Japan, the RET-He
values were found to be different in the two
populations, so further studies to determine
the RET-He parameters need to be carried
out in the Indonesian population.'This
study aims to examine the ability of RET-
He as an alternative parameter to assess iron
deficiency in hemodialysis patients.

METHODS

This is a correlation analytic study
with a cross-sectional research design. The
research was carried out from February to
May 2021 at the Hemodialysis Installation

of H. Adam Malik Hospital with the
approval of the USU Medical Faculty
Research ~ Ethics ~ Commission.  The
collection and examination of blood
samples were carried out by the Clinical
Pathology Laboratory of RSUP H. Adam
Malik.

The number of samples was 41
patients who met the inclusion and
exclusion criteria. Inclusion criteria were
CKD  patients  undergoing  regular
hemodialysis (> 3 years) and aged 18 years.
While the exclusion criteria were patients
who received iron supplements, both oral
and intravenous in the last 3 months,
bleeding events (vomiting blood, bloody
stools, nosebleeds, bleeding gums) in the
last 4 weeks in the medical record, patients
receiving blood transfusions (whole blood
or packed red blood cell) in the last 4 weeks
in the medical record, and evidence of
malignancy recorded in the medical record
at the time of examination of the initial data
of the study.

Subjects who met the criteria were
explained and if they agreed, they would be
asked to give written informed consent to
participate in the study. Primary and
secondary data collected from interviews,
questionnaires, or patient medical records to
determine the patient's age, history of
primary skin disease, and duration of
hemodialysis, and blood tests were carried
out to obtain Hemoglobin (Hb), Serum Iron
(SI), Total Iron Binding Capacity (TIBC),
Ferritin, Ret-He.

Data analysis using SPSS software
aims to see the correlation of RET-He and
TSAT levels using the Pearson correlation
test if the two groups of data are normally
distributed and if not normally distributed,
the Spearman correlation test is used. All
statistical tests with p < 0.05 were
considered significant. Assess the cut-off
from Ret He by using the ROC curve.

RESULTS
Characteristics of Subjects

In this study, a total of 41 patients
were included in the study, consisting of 31
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anemic patients and 10 anemic patients with
normal RET-He levels.

Table 1: Characteristics of subjects

Characteristics n=41
Age (years) 47 +13.28
Man 25 (61%)
Woman 16 (39%)
Hb (g/dL) 7.68 +1.26
SI (ug/dL) 44.73 + 35.61
TIBC 219.44 + 62.32
Ferritin (ng/mL) 8.08 +8.47
TSAT 21.85 + 20.08
Ret-HE (pg) 30.55 +5.18

Correlation of Reticulocyte Hemoglobin

Equivalent (Ret-He) Levels and

Deficiency Anemia
undergoing Hemodialysis
The normality test of the data was

Iron

in CKD Patients

carried out using the Kolmogorov-Smirnov
test, which if the results obtained a
significance value of >0.05 on the residual
value, it can be concluded that the data is
normally distributed. From the results of the

significance value is 0.145 > 0.05, so it can
be concluded that the residual value is
normally distributed. Then the Pearson
correlation test can be continued to
determine the correlation between TSAT
and Ret-HE.

Table 2: Correlation of Ret-HE and TSAT levels in CKD
patients undergoing hemodialysis

Variable Rate r P
TSAT 21.85+20.08 | 0.618 | 0.000*
Ret-He 30.55+5.18

Pearson correlation test

Table 2 shows a significance value
of 0.000, so it can be concluded that there is
a correlation between RET-HE and TSAT
levels with a significance value of <0.05.
Based on the Pearson correlation number of
0.618 which is in the range of 0.61 to 0.80,
it can be concluded that there is a
statistically strong correlation between the
two variables.

normality test, it is known that the
"o. L4 ’ ‘ .
wee T r=0618
£ T
K p = 0.000
TSAT

Figure 1: Scatter plot correlation of Ret He and TSAT levels. There is a positive correlation between Ret He and TSAT levels in
CKD patients undergoing hemodialysis.

ROC Curve
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Figure 2: RET-HE ROC curve and iron deficiency anemia
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ROC analysis was performed to
evaluate the ability to detect iron deficiency
in RET-He. From the entire study sample,
there were 31 people with low RET-He
levels of 41 people. When the cut-off level
of RET-He was determined to be 32.05
(pg), a sensitivity of 100% was found with a
specificity of 96%.

Table 3: Coordinates of ROC Curve

Cut Off | Sensitivity (%) | Specificity (%)
28,400 1,000 .258
29,150 1,000 516
30150 1,000 .677
31,000 1,000 774
32.050 1,000 .968

* The smallest cut-off value is the
minimum observed test value minus 1, and
the largest cut-off value is the maximum
observed test value plus 1. All other cut off
values are the average of two consecutive
ordered observed test values.

DISCUSSION

In this study, a sample of 41 patients
consisted of 31 anemic patients and 10
anemic patients with normal RET-HE
levels. There were 25 men (61.0%) and 16
women  (39.0%). Based on the
demographics of the age group, the average
age was 47+13.28 years with the number of
subjects not significantly different between
men and women. This study is in line with
research by Rovani et al. (2016) at Dr.
Hospital. Wahidin Sudirohusodo Makasar
reported that there was no significant
difference between male and female patients
(53.3% and 46.6%).[E"O” Reference source not found.]

Kidney failure is a clinical condition
characterized by an irreversible decline in
kidney function, to a degree that requires
permanent renal replacement therapy, in the
form of dialysis or transplantation
kidney.!*®! Anemia is found in most patients
with CKD, especially in patients undergoing
hemodialysis. Anemia is usually defined as
a circulating hemoglobin level of less than
12 g/dl in women or 14 g/dl in men or a
hematocrit of less than 37% in women or
40% in men. The United States Renal Data
System (USRDS) 2010 reported the
incidence of anemia in CKD stages 1-4 was

51.8% and the mean hemoglobin in end-
stage renal disease was 9.9 g/dl. Cipto
Mangunkusumo Hospital, Jakarta (2010)
reported that all hemodialysis patients were
anemic with average hemoglobin of 7.7
g/dl. H.Adam Malik Hospital, North
Sumatra (2011) reported CKD patients on
routine hemodialysis with an average Hb of
8.9 g/dl.” In 41 patients suffering from
CKD in this study, the hemoglobin level
was on average of7.68 = 1.26 g/dl.

It is important to distinguish
between absolute (or storage) iron
deficiency and functional (or relative) iron
deficiency. In absolute iron deficiency, the
body's total iron stores are depleted, limiting
the production of red blood cells. Factors
contributing to absolute iron deficiency
include decreased gastrointestinal
absorption in CKD patients and increased
blood loss (e.g. in the setting of uremia-
induced platelet dysfunction and iatrogenic
loss from serial blood draws or site and
circuit access problems during dialysis
procedures)."%Patients with CKD also may
have functional iron deficiency anemia,
which occurs in the setting of erythropoiesis
induced during ESA use. The second is
caused by chronic inflammatory anemia,

known as reticuloendothelial cell iron
block.!!

Conventional methods for
diagnosing  iron  deficiency  involve

measurement of serum iron, ferritin levels,
and TSAT, but both are indirect markers.™*"!
Among these, serum ferritin, which reflects
the total amount of body iron stores, is a
universally available and standardized
measurement and is the most effective test
for detecting iron deficiency. However,
false-positive serum ferritin values can be
observed because they are influenced by
inflammation or inflammation, malignancy,
or liver disease.*? Serum iron and TIBC
were used to calculate the percentage
transferrin saturation (TSAT). Values below
20%, and certainly below 18%, indicate an
inadequate supply of iron for hemoglobin
synthesis and red blood cell production.
Plasma transferrin is a glycoprotein with
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two iron-binding domains and s
synthesized by the liver. It is the most
important vehicle for transporting iron into
cells and preventing iron-mediated free
radical toxicity. In the treatment of CKD
patients, low TSAT (<20%) combined with
low serum ferritin is diagnostic of absolute
iron deficiency. A low TSAT combined
with normal or high serum ferritin is
diagnostic of functional iron deficiency.™!

In general, serum ferritin <100
ng/mL and/or TSAT <20% is defined as
absolute iron deficiency and serum ferritin
100 ng/mL and/or TSAT <20% is
considered functional iron deficiency. In
CKD patients, serum ferritin levels for
absolute iron deficiency are higher as a
result of chronic inflammation, infection,
malnutrition, or malignancy and not always
due to iron overload.™ In this study, the
mean serum ferritin level was 8.08 = 8.47
ng/ml and transferrin saturation levels
(TSAT) with an average of 21.85 + 20.08%.
Serum Iron (SI) levels with an average of
4473 + 35.61 g/dl. Total Iron Binding
Capacity (TIBC) levels with an average of
219.44 + 62.32 g/dl.

Various studies were conducted to
find the best parameters in assessing iron
status, including the percentage of
hypochromic RBC (%HRC), reticulocyte
hemoglobin  content  (CHr), soluble
transferrin ~ receptor  (sTfR), plasma
neutrophil gelatinase-associated lipocalin
(NGAL), Hepcidin.* CHr and RET-He
measure the amount of iron contained in
reticulocytes. Thus, the assay can be used to
estimate iron availability for
erythropoiesis.'™™ Reticulocyte Hemoglobin
Equivalent (Ret-He), introduced by Sysmex,
is an alternative measure of hemoglobin
mass in reticulocytes. Several studies have
found a strong correlation between Ret-He
and CHr in iron-deficient CKD patients.

A study conducted by Sany et al
(2020) described an average level of Ret-HE
of 25.84+4.23 pg in CKD patients
undergoing HD.'®'" This is not much
different from the results in this study that
reported levels of Reticulocyte Hemoglobin

Equivalent (Ret -HE) with an average of
30.55 + 5.118 pg. From the Pearson TSAT
and Ret-HE correlation table obtained a
significance value of 0.000, it can be
concluded that there is a relationship
between Ret-HE and TSAT levels with a
significance value of <0.05. According to
the Pearson correlation number of 0.618
which is in the range of 0.61 to 0.80, it can
be concluded that there is a strong
correlation between the two variables. This
is in line with the study conducted by Miwa
et al. (2010) which showed a good
correlation between RET-He and TSAT
(r=0.543, p<0.01)."" RET-He measures
hemoglobin in reticulocytes that are
released  from the bone  marrow
approximately 18 to 36 hours before they
form into mature erythrocytes. Therefore,
the RET-He parameter offers a direct index
of iron availability. Thus, RET-He has
considerable ability to provide high-
accuracy readings of the iron status of HD
patients.*”) In  this study, a strong
correlation was observed between Ret-HE
and TSAT.

ROC analysis was performed to
evaluate the ability to detect iron deficiency
anemia using the RET-He value according
to the diagnostic criteria for iron deficiency
anemia (TSAT < 20%). Data from cases
were analyzed to determine the cut-off level
of Ret-He, there were 31 people with lower
RET-He levels out of 41 people. When the
cut-off level of RET-He was determined to
be 16.0, 20.0, and 22.0 (pg), a sensitivity of
100% was found with a specificity of 96%,
93%, 90%, respectively. Previous study
reports by Canals et al. (2005), Brugnara et
al. (2006), Grazia et al. (2007), Maconi et
al. (2008), Miwa et al. (2010), Urrechaga et
al. (2011), and Buttarello et al. (2010) found
a good diagnostic performance of RET-He
in the diagnosis of iron deficiency anemia
with various cutoff levels between 25-32.4
pg. In this study, reported the usefulness of
the Ret-HE parameter as an index of iron
status in HD patients. This finding is in
agreement with another study, in which
RET-He showed excellent diagnostic
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performance and was generally superior for
the diagnosis of iron deficiency anemia
among HD patients when compared with
traditional parameters, with a cut-off rate of

32.0 (pg).

hypochromic erythrocytes and reticulocyte
hemoglobin  equivalent  predictors of
response to intravenous iron in hemodialysis
patients. Int. Jnl. Lab. Hem. 2016;38:360-
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