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Abstract

Background: Regular blood donors are at increased risk of iron
depletion due to repeated blood loss and loss of hemoglobin-
bound iron. Although hemoglobin testing can detect iron
deficiency anemia, it may not identify early iron depletion.
Assessment using bone marrow staining is invasive, while serum
ferritin can be influenced by inflammation, highlighting the need
for a practical and reliable alternative. Objective: This study
aimed to evaluate the predictive value of Ret-He for detecting
iron depletion in regular blood donors. Methods: An analytical
cross-sectional study was conducted involving 168 regular blood
donors at the Blood Centre of M. Djamil Hospital, Padang, from
August to October 2025. Ret-He and serum ferritin levels were
measured using flow cytometry and Enzyme-Linked
Fluorescence Assay (ELFA), respectively. The diagnostic
performance and optimal cut-off point of Ret-He were evaluated
utilizing Receiver Operating Characteristic (ROC) curve analysis.
Result: The study cohort was a median age of 30 years, with a
predominantly male demographic (54.8%). Iron depletion was
identified as 37.5% of the donors. The median Ret-He value in
iron-depleted donors was significantly lower compared to non-
depleted donors (30.8 pg vs. 32.1 pg; p<0.001). ROC analysis
established an optimal Ret-He cut-off point of <31.75 pg, yielding
an Area Under the Curve (AUC) of 0.702, alongside a sensitivity
of 73.0%, specificity of 60.0%, positive predictive value (PPV) of
52.3%, and negative predictive value (NPV) of 78.8%.
Conclusion: Reticulocyte Hemoglobin Equivalent with cut-off
point of <31.75 pg demonstrates moderate predictive ability in
screening iron depletion among regular blood donors.

Keywords: Iron Depletion, Regular Blood Donors, Ret-He, Serum
Ferritin

INTRODUCTION

Blood donors are at high risk of iron deficiency anemia due to the loss of iron bound to hemoglobin
(Hb), which is one of the criteria for donor rejection. One milliliter of blood contains 0.5 mg of iron, so
a donor will lose 200-250 mg of iron for each blood donation of 450-500 mL (Gutierrez et al., 2021;
Sweegers et al.,, 2020). Human blood and plasma products, as well as plasma-derived medicinal
products, play an important role in healthcare and are fundamental to achieving universal health
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coverage (World Health Organization, 2024). Blood Centres are responsible for the availability, quality,
and safety of collected blood and blood components, as well as ensuring the safety of donors and
recipients (Peraturan Menteri Kesehatan Nomor 91 Tahun 2015 Tentang Standar Pelayanan Transfusi
Darah, 2015).

The prevalence of iron deficiency in regular blood donors from a study conducted in France, with
a ferritin cut-off point of <26 ng/mL, was 29%, and with a ferritin cut-off point of <15 ng/mL, it was
13%. Studies in the United States (US) and Canada reported iron deficiency rates of 38% at a ferritin
cut-off point of <26 ng/mL and 15% at <12 ng/mL. Study in low-resource countries such as South Africa
showed a prevalence of iron deficiency of 16% in female donors with a ferritin cut-off point <12 ng/mL
and in male donors of 19% with a ferritin cut-off point <20 ng/mL (Spencer & Mast, 2022). A study at
the Indonesian Red Cross Blood Donation Unit in South Sumatra Province found a donor iron deficiency
prevalence of 17.4% with a ferritin cut-off point of <15 ng/mL (Widiwawati et al., 2021). Meanwhile,
study at the Blood Centre of M. Djamil Hospital in West Sumatra Province reported a 39% prevalence
using a ferritin cut-off point of <30 ng/mL (Yanti et al., 2025).

Iron deficiency is classified into 3 stages. Stage 1 iron deficiency is iron depletion, marked by
progressively reduced iron stores. The production and development of erythrocytes are normal during
this phase. Stage 2 iron deficiency is iron-deficient erythropoiesis, marked by iron in storage sites being
depleted. Erythrocyte production continues relying on the iron available in the transport compartment
and recycled from dead cells. Hemoglobin levels are normal at this stage. Stage 3 iron deficiency is iron
deficiency anemia characterized by decreased hemoglobin levels. Iron stores level tests are not
routinely performed during pre-donor screening, so donors with iron depletion (who are not anemic)
may pass the screening and continue to donate blood. This condition can lead to iron deficiency
anemia, which is one of the criteria for rejection in donor selection, thereby impacting the blood supply
(Yanti et al., 2025; Mantadakis et al., 2022).

The gold standard for iron stores testing is bone marrow iron staining, but it is not routinely
performed because it is invasive (Gelaw et al., 2019; Kulik-Rechberger & Dubel, 2024). Serum ferritin
is a biomarker for measuring iron stores but is affected by inflammation (Salam et al., 2020).
Reticulocyte hemoglobin equivalent (Ret-He) is a parameter available on almost all automated
hematology instruments that describes the real-time iron availability 1-2 days prior to testing. A
decrease in Ret-He values indicates iron-deficiency erythropoiesis. The Ret-He test offers several
advantages, namely low cost, fast turnaround time, and is not affected by inflammation (Gelaw et al.,
2019; Tiwari et al., 2018). This makes Ret-He a potential tool for identifying iron depletion in blood
donors (Mantadakis et al., 2022).

Although the diagnostic performance of Ret-He for screening iron depletion in blood donors has
been reported in various populations, such as India (De et al., 2025; Tiwari et al., 2018) and Burkina
Faso (Salam et al., 2020), its optimal cut-off point, sensitivity, specificity, PPV, and NPV vary across
populations due to differences in subject characteristics and ethnicity. In Indonesia, study on the
diagnostic utility of Ret-He among regular blood donors has so far only been conducted in Yogyakarta;
no similar study has been performed in the West Sumatra region. This study aims to determine the
predictive value of Ret-He in screening iron depletion among regular blood donors, thereby providing
additional validation evidence in a previously unstudied donor population and establishing a
population-specific Ret-He cut-off relevant to this setting.

MATERIALS AND METHODS

Study Design, Location, and Time

This study is an analytical study with a cross-sectional design conducted at Blood Centre and the
Central Laboratory Installation of M. Djamil Hospital Padang. This study was carried out from March
2025 to November 2025.
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Study Population and Sample

The population of this study consisted of all regular blood donors who donated blood from August
2025 to October 2025 at the Blood Centre of M. Djamil Hospital, Padang. Regular blood donors were
defined as those who donated blood at least twice a year (Anshori et al., 2021). The study sample
comprised population members who met the specified inclusion and exclusion criteria. The inclusion
criteria were regular blood donors who satisfied the donor selection requirements based on
Indonesian Ministry of Health Regulation (Permenkes) No. 91 of 2015, were not currently taking iron
supplements, and provided signed informed consent. The exclusion criteria were blood donors testing
positive for C-reactive protein (CRP).

Sample Size Calculation and Sampling Method
The sample size is determined by the formula:

n= (Zau)* Sen (1- Sen)

d’P

The Za value corresponds to the confidence level based on the significance level (a). This study
used an a of 5%, corresponding to a Za of 1.96. The expected sensitivity was set at 95%, with an
acceptable margin of error (precision) of 5% and an estimated prevalence (P) of 63.3% (from the
literature of Salam et al., 2020). Based on the sample size formula, the minimum required sample size
was 115 participants.

The study sample was selected using a consecutive sampling method. A total of 234 regular
blood donors who presented for pre-donation screening were initially assessed. Among them, 52
donors were deferred for not meeting standard pre-donation criteria (21 due to blood pressure
exceeding 160 mmHg and 31 due to hemoglobin levels below 12.5 g/dL). Furthermore, 14 donors were
excluded because of a positive qualitative C-reactive protein (CRP) result, indicating systemic
inflammation. As a result, a total of 168 eligible regular blood donors were included in the final analysis

(Figure.1)
4 A\
{ Screening 1 Regular blood donors (n=234)
4 N
Excluded (n=66)
Exclusi 21 due to blood pressure >160 mmHg
xclusion 31 due to hemoglobin levels <12.5 g/dL
L 14 donors positive qualitative CRP result
{ Inclusion J { Included in the study (n=168) }

Figure 1. A flow chart of study samples

Operational Definition
Reticulocyte hemoglobin equivalent is a parameter that reflects the hemoglobin content in
reticulocytes (Bo et al., 2023). In this study, Ret-He was measured using flow cytometry on a Sysmex
XN-1000 analyzer. Currently, there are no established guidelines regulating the reference values for
Ret-He.

Iron depletion represents the early stage of iron deficiency characterized by depleted iron
stores, evaluated through serum ferritin measurement. In this study, serum ferritin was measured
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using the enzyme-linked fluorescent immunoassay (ELFA) method on a VIDAS automated analyzer.
Although normal serum ferritin thresholds vary across laboratories, selecting an optimal cut-off
requires balancing sensitivity and specificity; for screening purposes, a cut-off with higher sensitivity
was preferred. Accordingly, iron depletion was defined as a ferritin level of <30 ng/mL for both men
and women (World Health Organization, 2020; Nemeth et al., 2024). Inflammatory status was
evaluated using a qualitative latex agglutination CRP assay with a detection threshold of 5 mg/L, in
accordance with WHO guidelines on ferritin interpretation in populations with potential inflammation
(World Health Organization, 2020).

Data Collection

The study subjects were regular blood donors who had undergone pre-donor screenings. They were
informed about the study and signed an informed consent form. The subjects filled out the
guestionnaire form guided by the researcher and recorded it on a separate sheet.

Venous blood was collected during the donation process. Three milliliters of venous blood was
placed into a clot activator tube with a gel separator, and 3 mL was drawn into a K2EDTA tube. Blood
samples in the K2EDTA tube were tested immediately for Ret-He. The specimen in the clot activator
tube was centrifuged at room temperature at 3,500 rpm for 15 minutes to obtain serum. The serum
was then aliquoted into two portions for qualitative CRP and serum ferritin testing. Quality control was
performed for qualitative CRP, serum ferritin, and Ret-He assays prior to specimen analysis.

Data Analysis

Analysis of numerical variables began with a data normality test using the Kolmogorov-Smirnov test
(sample size >50). Numerical variables were presented as medians (minimum-maximum) because the
data were not normally distributed. Categorical variables were presented as frequencies and
percentages (%). The difference in Ret-He values between iron-depleted and non-iron-depleted
regular blood donors was analyzed using the Mann-Whitney U test because the data were not normally
distributed. A p-value < 0.05 considered statistically significant. To evaluate the diagnostic
performance of Ret-He, receiver operating characteristic (ROC) curve analysis was performed. The ROC
curve plotted sensitivity against 1-specificity. The area under the curve (AUC), sensitivity, specificity,
PPV, and NPV were evaluated. AUC values were interpreted as follows: 20.9 (excellent), 0.8 to <0.9
(good), 0.7 to <0.8 (moderate), 0.6 to <0.7 (poor), and 0.5 to <0.6 (very poor) (Corbacioglu & Aksel,
2023). Finally, the optimal cut-off point was determined using the Youden Index. Internal validation
(bootstrap) was performed to evaluate the reliability and stability of diagnostic performance and to
correct sample optimism bias.

Ethical Statement

This study has obtained ethical approval from the Research Ethics Committee of M Djamil Hospital,
Padang, with the number: DP.04.03/D.XVI1.10.1/308/2025.

RESULTS
Subjects ages ranged from 19 to 61 years, with a higher proportion of male than female subjects. The
most common donation interval was <3 months.

Table 1. Characteristics of study subjects (n=168)

Variables f (%) Median (Min-Max)
Age (years) - 30 (19-+61)
Gender

Male 92 (54.8) -
Female 76 (45.2) -

Last donation interval -

< 3 months 101 (60.1)

>3 months 67 (39.9)

Donation frequency

2-5 times 50 (29.8) -

6-10 times 48 (28.6) -
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Variables f (%) Median (Min-Max)
11-20 times 37 (22.0) -

>20 times 33 (19.6) -

Iron status

Iron depletion 63 (37.5) -

No iron depletion 105 (62.5) -

Iron status based on gender

Iron depletion

Male 29 (46.0)

Famale 34 (54.0)

No iron depletion

Male 63 (60.0)

Famale 42 (40.0)

Hb level (g/dL)

Male 15.1 (12.5-16.0)
Famale 12.7 (12.5-15.0)
Ret-He (pg)

Male 32.1(22.2-35.0)
Famale 31.1 (23.2-33.8)

The frequency of blood donations was evenly distributed across the study population. Overall,
iron depletion was identified in 63 of 168 subjects (37.5%), showing a higher prevalence among
females compared to males. Additionally, male subjects exhibited higher Hb levels and Ret-He values
than females (Table 1).

Table 2. Correlation between Hb levels and Ret-He values

Variable . p-value )
Kolmogorov smirnov Spearman

Hb Level <0.001

Ret-He Value <0.001 <0.001 0.421

Both Hb levels and Ret-He values across all donors were not normally distributed (p < 0.001).
The correlation between Hb levels and Ret-He values were analyzed using the Spearman correlation
test, yielding p < 0.001 with r = 0.421 (Table 2).

Table 3. Ret-He values regular blood donors with iron depletion and without iron depletion
Iron Depletion

Variable Yes No p-value
Median (min - max) Median (min - max)
Ret-He, (pg) 30.8 (22.2-33.9) 32.1(28.2-35.0) <0.001*

*Mann-Whitney test
The median Ret-He in regular blood donors with iron depletion was lower than that in regular blood
donors without iron depletion, and the difference was statistically significant (p < 0.001) (Table 3).
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Figure 2. ROC curve of Ret-He values in detecting iron depletion in regular blood donors

The AUC from the ROC curve analysis of Ret-He for detecting iron depletion in regular blood
donors was 0.702 (95% Cl: 0.626-0.770), with p<0.001. Through internal validation based on the
bootstrap resampling method (1,000 replications), a bootstrap of 95% Cl of 0.611 to 0.780 was
obtained.

Based on the highest Youden’s Index J, the optimal cut-off value for Ret-He levels were set at
< 31.75 (with a bootstrap 95% Cl: < 30.10 to < 32.0) pg. At this optimal cut-off point, the diagnostic
performance of Ret-He levels in predicting iron depletion is shown as follows:

Table 4. Ret-He cut off point in routine blood donors with iron depletion

Ret-He Cut-Off Point Sensitivity Specificity
(pg) (%) (%)

<31.75 73.0 60.0

(95% Cl: <30.10 - <32.0) (95% ClI: 60.3-83.4) (95% CI:50.0-69.4)

Table 5. Predictive values of Ret-He in screening iron depletion among regular blood donors

Ferritin Total
Variable Iron Depletion No Iron Depletion
f (%) f (%)
Ret-He Iron Depletion 46 (52.3) 42 (47.7) 88 (100)
No Iron depletion 17 (21.2) 63 (78.8) 80 (100)
Total 63 (37.5) 105 (62.5) 168 (100)

PPV: 52.3 (95% Cl: 45.3 — 59.1) %; NPV: 78.8 (95% Cl: 70.6 — 85.1) %

The sensitivity obtained was 73.0 (95% Cl: 60.3 — 83.4) %, specificity was 60.0 (95% Cl: 50.0 - 69.4)%,
positive predictive value (PPV) was 52.3 (95% Cl: 45.3 — 59.1) %, and negative predictive value (NPV)
was 78.8 (95% Cl: 70.6 — 85.1)% (Table 4 and 5).

DISCUSSION

Characteristics of Study Subjects

The median age of the subjects in this study was 30 (19-61) years. These age characteristics are
consistent with previous studies by Anshori et al. (Anshori et al., 2021), Widiwawati et al. (Widiwawati
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et al., 2021), and Triyono & Pratiwi (Triyono & Pratiwi, 2024), which reported median age of 31 (18-
60) years, 35 (21-52) years, and 30 (17-77) years, respectively. Age is a fundamental criterion in blood
donor screening (Anshori et al., 2021). The age range of 31 to 40 years is considered a productive
period because the body is physiologically fully developed. This enables optimal function, ensuring that
blood donation does not interfere with systemic health (Widiwawati et al., 2021).

Male subjects (54.8%) outnumbered female subjects (45.2%). Studies by Widiwawati et al.
(Widiwawati et al., 2021), Nurulita et al. (2022), and Zeng et al. (2023) also found a higher proportion
of male donors at 66.3%, 72.4%, and 77.6%, respectively. This relates to the maximum allowed
donation frequency, which is higher for men (6 times per year) than for women (4 times per year).
Furthermore, physiological factors such as menstruation, pregnancy, and breastfeeding often lead to
donation deferral among women (Nurulita et al., 2022).

Most study subjects (60.1%) had a last donation interval of < 3 months, and the remaining
(39.9%) had a last donation interval of > 3 months. A study by Anshori et al. similarly found that 69%
of donors had a last donation interval of < 3 months and 30% had a donation interval of > 3 months
(Anshori et al., 2021). Minister of Health Regulation No. 91 of 2015 states that whole blood donors in
Indonesia may donate again after a minimum of 2 months after their previous donation (Peraturan
Menteri Kesehatan Nomor 91 Tahun 2015 Tentang Standar Pelayanan Transfusi Darah, 2015).
International Guidelines and European Legislation also regulate this interval, permitting donation
every 56 days across many countries worldwide (Spencer & Mast, 2022; World Health Organization,
2024).

The frequency of donation was relatively evenly distributed: 2-5 times (29.8%), 6-10 times
(28.6%), 11-20 times (22.0%), and >20 times (19.6%). These results align closely with previous studies
by Anshori et al. (Anshori et al., 2021) and Anju et al. (2022). Overall, most regular blood donors
donated fewer than 10 times. Whole blood donation is well-known to cause iron deficiency, which can
delay subsequent donations and ultimately lead to a decrease in donors who give blood more than 10
times (Reddy K et al., 2020; World Health Organization, 2024).

The iron status of donors based on ferritin levels showed that 37.5% of regular donors had iron
depletion, with a higher prevalence observed in females compared to males. A study by Reddy et al.
(Reddy K et al., 2020) involving 374 donors found that the prevalence of regular blood donors with
serum ferritin levels <30 ng/mL was 25.9%. Similarly, a study by Suria et al. (2022) on 205 regular blood
donors revealed that 29.9% had serum ferritin levels < 26 ng/mL. Furthermore, De et al. (2025)
reported that among 292 male regular blood donors in India, 17.5% had serum ferritin levels <15
ng/mL.

The variation in the percentage of regular blood donors with iron depletion in the results of
these studies may be due to differences in sample characteristics and ferritin cut-off points for
determining iron depletion. Specifically, studies by Suria et al. (Suria et al., 2022) and De et al. (2025)
included a higher proportion of male subjects and utilized lower ferritin cut-off point to define iron
depletion.

Median of Hb levels and Ret-He values were higher in males compared to females. The
Spearman correlation test between Hb levels and Ret-He values yielded p < 0.001 with r = 0.421. This
indicates a significant positive correlation between Hb levels and Ret-He values, with a moderate
strength of correlation (r-value in the range of 0.400-0.599).

Ret-He Values in Regular Blood Donors with Iron Depletion and Without Iron Depletion

The median Ret-He value in regular blood donors with iron depletion was significantly lower than in
those without iron depletion (p < 0.001). The median Ret-He in regular blood donors with iron
depletion was 30.8 (22.2-33.9) pg, while in regular blood donors without iron depletion was 32.1 (28.2-
35.0) pg. Similarly, previous study by Salam et al. (2020) involving 125 blood donors reported a lower
mean value in donors with iron depletion compared to those without iron depletion (32.1 + 2.8 pg vs
33.6 £ 2.6 pg).
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Blood donation (especially regular blood donation) increases the body's iron requirements and
can deplete iron stores, leading to varying degrees of iron deficiency (Tiwari et al., 2018). An imbalance
between iron demand and supply reduces cellular hemoglobin content in newly produced
reticulocytes. This parameter, known as reticulocyte hemoglobin equivalent (Ret-He), reflects the iron
availability for hemoglobin synthesis (Bo et al., 2023). Ret-He decreases progressively alongside the
severity of iron depletion, a trend clearly demonstrated across children with normal iron status, non-
anemic iron deficiency, and iron deficiency anemia (Neef et al., 2021).

The reticulocyte hemoglobin equivalent is clinically very helpful in detecting the early changes
in red blood cell indices that reflect iron-deficiency erythropoiesis (Auerbach et al., 2021). Ret-He is a
real-time parameter that reflects iron-restricted erythropoiesis over the preceding 48 hours and
correlates directly with the functional iron available for heme synthesis in erythrocyte precursors
(Aedh et al., 2023).

Predictive Value of Ret-He in Screening Iron Depletion among Regular Blood Donors

In this study, the optimal Ret-He cut-off point for screening iron depletion in regular blood donors was
<31.75 (95% Cl: <30.10 - <32.0) pg, yealding an AUC of 0.702 (95% Cl: 0.626-0.770), a sensitivity of 73
(95% Cl: 60.3-83.4) %, a specificity of 60 (95% CI:50.0-69.4) %, a PPV of 52.3 (95% Cl: 45.3 — 59.1) %,
and an NPV of 78.8 (95% Cl: 70.6 — 85.1) %. In comparison, Salam et al. (2020) studied 125 donors using
ferritin cut-off point of <30 ng/mL for men and <20 ng/mL for women, with a Ret-He cut-off point of
32 pg, they reported an AUC of 0.706, sensitivity of 63.3%, and specificity of 77.9% (Salam et al., 2020).
Similarly, a study by De et al. (2025) involving 292 blood donors applied a ferritin cut-off point of <15
ng/mL and a Ret-He cut-off point of 32 pg, achieving an AUC of 0.822, sensitivity of 72.5%, and
specificity of 77.8% (De et al., 2025).

The results of this study yielded an AUC 0.702 (95% Cl: 0.626-0.770), indicating a moderate
diagnostic ability for screening iron depletion among regular blood donors (Corbacioglu & Aksel, 2023).
Through internal validation based on the bootstrap resampling method (1,000 replications), a
bootstrap of 95% Cl of 0.611 to 0.780 was obtained, indicating that the diagnostic performance of this
parameter is stable, consistent, and free from sample optimism bias.

A sensitivity of 73 (95% Cl: 60.3-83.4) % indicates that a Ret-He value <31.75 pg can screen 60.3%
until 83.4% of regular blood donors who have iron depletion. A specificity of 60 (95% ClI:50.0-69.4) %
indicates that a Ret-He value 231.75 pg can screen 50% until 69.4 % of regular blood donors who do
not actually have iron depletion. A positive predictive value of 52.3 (95% Cl: 45.3 — 59.1) % means that
of all regular blood donors who are considered to have iron depletion based on the Ret-He cutoff point
<31.75 pg, 45.3% until 59.1% have iron depletion. A negative predictive value of 78.8 (95% Cl: 70.6 —
85.1) % indicates that of all regular blood donors who are considered not to have iron depletion based
on the Ret-He value >31.75 pg, 70.6% until 85.1% do not have iron depletion. Variations in AUC,
sensitivity, and specificity across studies may be due to differences in subject characteristics, ethnicity/
population, and ferritin cut-off points used to define iron depletion.

Iron deficiency progresses through three distinct stages. The first stage is iron depletion, marked
by progressively reduced iron stores. Red blood cell production and development remain normal
during this phase. Continuous red blood cell production can lower iron stores, which can be detected
through iron staining in the bone marrow. This test isn't done routinely because people without
anemia appear healthy. Instead, reduced serum ferritin serves as the primary indicator. The second
stage is iron-deficiency erythropoiesis, occurs when iron stores are completely exhausted. Red blood
cell production continues by relying on iron available in the transport compartment and recycled from
dead red blood cells. During this phase, Ret-He value decreased rapidly, reflecting restricted iron
supply, but since most circulating red blood cells were produced during periods of adequate iron
availability, hemoglobin levels are still within the normal range. Consequently, regular blood donors
often pass routine pre-donation hemoglobin screenings, placing them at high risk for developing stage
3 iron deficiency, which is overt iron-deficiency anemia (Rechberger & Dubel, 2024).
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Serum ferritin and Ret-He detect iron deficiency at different stages. Serum ferritin can detect
iron deficiency at the earliest stage, namely during iron depletion, whereas Ret-He detects iron
deficiency at the stage of iron-deficient erythropoiesis. Consequently, Ret-He cannot entirely replace
serum ferritin for detecting iron depletion in regular blood donors. However, there are several
considerations that make Ret-He a potential alternative for screening iron depletion when serum
ferritin testing is not feasible during pre-donor blood screening.

Serum ferritin is an acute phase reactant. Its levels increase during inflammation, infection,
malignancy, and certain diseases. Measuring inflammatory markers such as CRP helps identify
coincidence inflammatory conditions. Inflammation is indicated if CRP levels are >5 mg/L (World
Health Organization, 2020; Fletcher et al., 2022). Consequently, serum ferritin testing must be
accompanied by CRP assessment to accurately detect iron depletion, which increases the total
screening cost per donor unit. This requirement poses a significant financial challenge for countries
with limited healthcare budgets.

Ret-He examination has the potential to be used as an alternative when serum ferritin testing is
not feasible, however, the Ret-He cut-off point for predicting iron deficiency has not been established
globally. Reticulocyte hemoglobin equivalent is the latest additional parameter in the continuously
expanding list of biomarkers. Compared to other biochemical markers such as serum iron and ferritin,
Ret-He is a more stable parameter (not affected by inflammation). Serum iron is influenced by
circadian variation, whereas ferritin is affected by inflammation, making it inaccurate in reflecting
changes iniron kinetics. Compared to hemoglobin levels, Ret-He quickly reflects the actual iron supply
to erythrocytes in real time, allowing Ret-He to detect iron deficiency earlier. Therefore, this parameter
serves as a valuable supplementary tool for screening iron depletion among regular blood donors
(Gelaw et al., 2019; Mouleeswaran et al., 2022).

This study has several limitations that should be acknowledged. First, as a single-center study,
the generalizability of the findings may be limited. Second, no sex-specific analysis. Although this study
applied a single cut-off based on the WHO framework and instrument specifications, future large-scale
prospective studies are recommended to evaluate the potential of sex-specific Ret-He cut-offs using
sex-adjusted ferritin thresholds. Third, the ferritin reference standard is not the gold standard and is
affected by inflammation and no bone marrow iron staining was performed. Fourth, CRP was
measured only qualitatively, although a CRP cut-off of > 5 mg/L directly aligns with the WHO
recommendation for identifying clinically relevant inflammation that influences ferritin levels, very
low-grade subclinical inflammation below 5 mg/L could not be ruled out.

CONCLUSION

Iron stores testing is not routinely performed during pre-donor screening. Consequently, donors with
iron depletion remain unidentified and continue to donate blood. Although bone marrow iron staining
is the gold standard for assessing iron stores, its invasive nature limits routine application. Meanwhile,
serum ferritin testing is quite expensive because it must be paired with inflammatory markers, such as
CRP, to accurately assess iron depletion. Reticulocyte hemoglobin equivalent shows potential for the
identification of iron depletion in blood donors, offering lower testing costs, faster turnaround times,
and results unaffected by inflammation.

This study evaluated the predictive value of Ret-He for screening iron depletion in regular blood
donors. The median Ret-He value in regular blood donors with iron depletion was significantly lower
than in regular blood donors without iron depletion (p<0.001). At an optimal cut-off point of <31.75
pg, Ret-He demonstrated moderate predictive ability in screening iron depletion among regular blood
donors, yielding an AUC of 0.702 (95% Cl: 0.618-0.785), a sensitivity of 73%, a specificity of 60%, a PPV
of 52.3%, and an NPV of 78.8%.
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