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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Serum ferritin and iron have high inter-

individual variability and inflammatory sensitivity, 
limiting its diagnostic value in several clinical settings. 
The Reticulocyte Subpopulation Analysis may indicate 
iron availability during erythropoiesis in real time. 
Aim: This study investigated the associations between 
reticulocyte parameters and various hematological and 
iron-related biomarkers in Iron Deficiency Anemia. 
Methods: In this retrospective study, 150 patients with 
IDA (Iron Deficiency Anemia) were included (146 females, 
97.3%; 23 pregnant, 15.8%; 12 on iron treatment, 8.0%), 
RET-He, LFR/MFR/HFR, and IRF were correlated with 
iron markers. Associations between anemia severity 
and treatment status were examined using Spearman 
correlation, Kruskal–Wallis, and Mann–Whitney U analyses. 
Results: While other reticulocyte indices exhibited minor 
connections, RET-He showed strong positive correlations with 
ferritin (r=0.430, p<0.001), serum iron (r=0.364, p<0.001), and 
transferrin saturation (r=0.350, p<0.001 A significant decrease 
in RET-He was seen in mild anemia (24.6 pg) and severe anemia 
(15.2 pg, p<0.001). RET-He was marginally reduced (p=0.0750) 
while serum iron and transferrin saturation were considerably 
lower in iron-treated subjects (p=0.0023). Reticulocyte and 
iron characteristics did not correlate with age (p>0.05). 
Conclusion: A sensitive, independent biomarker of iron 
status, RET-He measures functional iron availability during 
erythropoiesis. Strong correlation and severity-stratified 
discrimination support in populations where inflammation 
confounds ferritin interpretation, RET-He inclusion into iron 
deficient diagnostic methods. Prospective studies are needed 
to establish clinical thresholds and validate RET-He in chronic 
renal disease, inflammatory conditions, and pregnancy-related 
iron metabolism.

Key words. Biomarker, erythropoiesis, iron deficiency 
anemia, iron metabolism and reticulocyte hemoglobin content.

Introduction.
Iron deficiency anemias (IDA) is the most prevalent form 

of anemias globally, affecting approximately 25% of the 
world’s population, with higher prevalence among women of 
reproductive age, children, and individuals in low-resource 
settings [1]. It is primarily caused by an inadequate supply 
of iron to meet the body’s physiological demands, leading to 
impaired hemoglobin synthesis and reduced oxygen-carrying 
capacity of red blood cells the condition can result from dietary 
deficiency [2], chronic blood loss, malabsorption syndromes, 
or increased physiological demands during periods such as 
pregnancy and growth.

Clinically, IDA manifests with symptoms such as fatigue, 
pallor, general weakness, and decreased physical performance. 
In severe (chronic) cases, it may cause cognitive impairment, 
weakened immunity, and delayed psychomotor development, 
particularly in children. Laboratory findings typically include 
low hemoglobin (Hb) [3], reduced mean corpuscular volume 
(MCV), low serum ferritin, and elevated total iron-binding 
capacity (TIBC). Early detection and appropriate management 
of IDA are essential to prevent long-term complications [3].

The majority of the patients regardless of their complaints 
in hospitals are tested for CBC. After the CBC is done, the 
hemoglobin is going to show low for patients with anemia 
hemoglobin of under 12.1 g/dL for females and a hemoglobin of 
under 13.8 g/dL for males is considered anemic [2]. Establishing 
that the type of anemia is distinguished through MCV. MCV of 
lower than 80 femtolitre (fL) is considered as microcytic anemia. 
An iron profile is done to confirm the IDA knowing that anemia 
of chronic disease thalassemia are similar in laboratory findings 
with distinguishable tests between them [3].

Reticulocyte analysis has gained importance in evaluating 
bone marrow response to anemias and monitoring the 
effectiveness of iron therapy. Reticulocytes are immature RBCs 
that still contain residual RNA, and their presence in peripheral 
blood indicates active erythropoiesis [4]. With the advent of 
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modern automated hematology analyzers, it is now possible to 
classify reticulocytes into three subpopulations based on their 
RNA content: high fluorescence reticulocytes (HFR), medium 
fluorescence reticulocytes (MFR), and low fluorescence 
reticulocytes (LFR) [5].

In the context of IDA, these subpopulations provide valuable 
information about the kinetics of erythropoiesis and the 
body's response to iron availability [5]. HFR, which represent 
the youngest reticulocytes, may increase shortly after the 
initiation of iron therapy, serving as an early marker of bone 
marrow recovery. Studies have shown that reticulocyte indices, 
including reticulocyte hemoglobin content (CHr) [5], may 
reflect iron status more rapidly than traditional parameters like 
Hb or ferritin [5].

Therefore, analyzing the distribution of reticulocyte 
subpopulations in IDA patients not only enhances diagnostic 
accuracy but also offers a real-time indicator of therapeutic 
efficacy. This study aims to investigate the pattern of 
reticulocyte subpopulations in individuals with IDA and explore 
potential correlations with conventional iron markers, thereby 
contributing to more precise and timely patient care [4].

Iron deficiency anemia diagnosis and management depend 
heavily on understanding iron dynamics and erythropoiesis [6]. 
Reticulocyte subpopulation analysis, including immature and 
mature reticulocytes, offers a valuable tool in evaluating bone 
marrow activity and the body's response to iron availability. 
However, little is known about the specific correlation between 
reticulocyte subpopulation dynamics and markers of iron status, 
such as serum ferritin and serum iron levels. 

This study aimed to assess whether reticulocyte-derived 
measures offer clinically relevant insights into iron status 
and functional iron availability during erythropoiesis in 
Iron Deficiency Anemia. The secondary objectives included 
examining the variability of these associations across different 
categories of anemia severity and evaluating the impact of iron 
supplementation on the reticulocyte-iron biomarker.
Materials and Methods.

This retrospective study was performed from 2024 to 2025 
at Burjeel Royal Hospital in Al Ain, United Arab Emirates. 
The study comprised 150 adult patients diagnosed with iron 
deficiency anemia (IDA), aged 18 to 65 years.

Iron deficiency anemia was defined according to established 
laboratory criteria employed in clinical practice, including 
hemoglobin levels below 12.0 g/dL in women and below 
13.0 g/dL in men, combined with biochemical indicators 
of iron deficiency comprising serum ferritin below 15 µg/L 
and/or transferrin saturation below 16%. Patients who had 
undergone blood transfusion in the prior three months, as well 
as those with malignancies, significant systemic comorbidities, 
myelodysplastic syndromes, or bone marrow diseases, were 
excluded.

SYSMEX XN-1000 was utilized for CBC and reticulocyte 
parameters (Low, Medium, and High Fluorescence Ratios; 
LFR, MFR, and HFR), and the Cobas e411-Cobas Integra, 
Cobas Pure were utilized for the quantification of iron, ferritin, 
UIBC, and TIBC. 

The hematological and biochemical analyzers in the lab were 

calibrated in accordance with the manufacturer's instructions 
and the Burjeel Royal and Burjeel Royal Asharej hospitals' 
quality control standards. 

Descriptive statistics were computed using STATA's 
summarize command. Simple linear regressions assessed the 
relationship between reticulocyte counts and individual iron 
indices. A p-value < 0.05 was considered statistically significant. 
To show variable relationships, scatter plots with regression 
lines and confidence intervals were created. Spearman's rank 
correlation coefficient, a nonparametric measure, analyzed 
statistical relationships because the data did not match normalcy 
criteria. The regression lines in the illustrations are for visual aid 
only and do not imply parametric linear regression assumptions 
were used.

Institutional review board in Gulf medical university (IRB: 
COHS-STD-77-Oct-2024) approval and Burjeel Institutional 
Review Board (IRB) were obtained before starting the study. 
The privacy of the patients was fully protected. Personal and 
medical information was anonymized (with numbers) and 
treated confidentially, ensuring that no identifying details are 
exposed throughout the research process.
Results.

The study comprised 150 patients with IDA, exhibiting a 
notable female predominance (146 females, 97.3%). The largest 
proportion was found in the reproductive and early middle-
aged categories, especially in the 30-44 age group (44.7%), 
followed by the 18-29 age group (36.7%). Of the participants, 
23 individuals (15.8%) were undergoing treatment, while only 
12 participants (8.0%) were receiving iron treatment; 138 
participants (92.0%) were untreated.
Discussion.

This retrospective study involving 150 patients with IDA 
(Iron Deficiency Anemia) identified significant associations 
between reticulocyte parameters and iron homeostasis, with 
reticulocyte hemoglobin content (RET-He) identified as 
the primary marker associated with functional iron status. 
The strong positive correlations identified between RET-He 
and serum ferritin (r=0.430, p<0.001), serum iron (r=0.364, 
p<0.001), and transferrin saturation (r=0.350, p<0.001) align 
with previous studies that designate RET-He as a sensitive, 
real-time biomarker of iron availability in erythropoiesis [7]. 
RET-He serves as an indicator of hemoglobin incorporation 
into newly released reticulocytes from the bone marrow, 
offering a 3–4-day physiological window for evaluating acute 
changes in iron metabolism. This presents a temporal advantage 
compared to traditional static markers like serum ferritin, which 
is characterized by significant inter-individual variability and 
sensitivity to inflammation [8].

The lack of substantial correlations between various 
reticulocyte fluorescence ratios (low fluorescence reticulocytes 
[LFR], medium fluorescence reticulocytes [MFR], immature 
reticulocyte fraction [IRF]) and iron parameters stands in 
contrast to the strong associations observed with RET-He, 
indicating differing biological relevance among reticulocyte 
subpopulations. This finding is consistent with recent 
mechanistic studies indicating that RET-He captures iron-
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Table 1. Baseline demographic and clinical characteristics of the study population.
Characteristic Category N %

Gender
Male 4 2.7
Female 146 97.3

Age group (years)

<18 3 2.0
18-29 55 36.7
30-44 67 44.7
45-59 23 15.3
≥60 2 1.3

Treatment status On iron treatment 12 8.0
Not on iron treatment 138 92.0

Pregnancy status Non-pregnant 123 84.2
Pregnant 23 15.8

Total All patients 150 100.0

Table 2. Spearman correlations between reticulocyte indices and iron markers.
Reticulocyte Index Iron Marker n Spearman rho p-value

HFR (%)

FERR (ug/L) 147 -0.048 0.56
IRON (ug/dL) 148 -0.155 0.06
TIBC (ug/dL) 114 0.155 0.10
TRANSFERRIN SATURATION 
(%) 114 -0.229 0.014

UIBC (ug/dL) 120 0.200 0.028

IRF (%)

FERR (ug/L) 147 0.044 0.59
IRON (ug/dL) 148 -0.045 0.58
TIBC (ug/dL) 114 0.110 0.24
TRANSFERRIN SATURATION 
(%) 114 -0.107 0.25

UIBC (ug/dL) 120 0.117 0.20

LFR (%)

FERR (ug/L) 147 -0.009 0.91
IRON (ug/dL) 148 0.073 0.37
TIBC (ug/dL) 114 -0.115 0.22
TRANSFERRIN SATURATION 
(%) 114 0.146 0.12

UIBC (ug/dL) 120 -0.135 0.14

MFR (%)

FERR (ug/L) 147 0.028 0.73
IRON (ug/dL) 148 -0.011 0.89
TIBC (ug/dL) 114 0.050 0.59
TRANSFERRIN SATURATION 
(%) 114 -0.054 0.57

UIBC (ug/dL) 120 0.053 0.56

RET-He (Pg)

FERR (ug/L) 147 0.430 < 0.001
IRON (ug/dL) 148 0.364 < 0.001
TIBC (ug/dL) 114 -0.108 0.2540
TRANSFERRIN SATURATION 
(%) 114 0.350 < 0.001

UIBC (ug/dL) 120 -0.223 0.0143

dependent hemoglobin synthesis with greater specificity than 
morphological reticulocyte classifications alone [9]. The 
observed negative correlation between high fluorescence 
reticulocytes (HFR) and transferrin saturation (r=-0.229, 
p=0.0143) indicates an inverse relationship that may suggest 
changes in reticulocyte maturation kinetics in iron-replete 
conditions or compensatory erythropoietic responses to 
fluctuations in iron availability.
Anemia Severity Stratification and Reticulocyte Phenotyping.

The notable reduction in RET-He from mild to severe anemia 

(24.6 pg [IQR 23.75-26.35] compared to 15.2 pg [IQR 14.07-
18.23], p<0.001) indicates a progressively severe deficiency in 
hemoglobin content within reticulocytes, aligning with iron-
restricted erythropoiesis. This gradient effect aligns with findings 
from hemolytic anemias and chronic kidney disease cohorts, 
where RET-He depression is associated with functional iron 
deficiency, despite variations in conventional iron parameters 
[10]. The differential expression of HFR across severity 
categories (p=0.0023), with higher proportions in moderate and 
severe anemia, may indicate a paradoxical retention of immature 
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Table 3. Median (IQR) of reticulocyte indices by anemia severity with Kruskal–Wallis tests.
Variable Severity n Median (IQR) p-value

LFR (%)
Mild 27 87.10 (79.85–89.70)

0.0146Moderate 111 80.70 (75.60–85.70)
Severe 12 81.05 (75.25–84.70)

MFR (%)
Mild 27 10.50 (8.85–15.75)

0.0965Moderate 111 13.30 (11.25–15.60)
Severe 12 13.50 (11.05–15.55)

HFR (%)
Mild 27 2.10 (1.20–6.45)

0.0023Moderate 111 4.90 (2.70–8.85)
Severe 12 5.35 (1.95–9.28)

RET-He (Pg)
Mild 27 24.60 (23.75–26.35)

<0.001Moderate 111 22.30 (19.90–24.35)
Severe 12 15.20 (14.07–18.23)

IRF (%)
Mild 27 12.60 (10.25–19.65)

0.0034Moderate 111 19.10 (14.10–24.20)
Severe 12 18.95 (15.30–24.75)

Table 4. Spearman correlations between age and reticulocyte/iron indices.
Variable n Spearman rho p-value
LFR (%) 150 -0.090 0.2754
MFR (%) 150 0.030 0.7129
HFR (%) 150 0.098 0.2339
RET-He (Pg) 150 -0.109 0.1828
IRF (%) 150 0.151 0.0654
IRON (ug/dL) 148 0.041 0.6167
FERR (ug/L) 147 -0.029 0.7305
UIBC (ug/dL) 120 0.083 0.3676
TIBC (ug/dL) 114 0.013 0.8936
TRANSFERRIN SATURATION 
(%) 114 0.063 0.5076

Table 5. Mann–Whitney U tests for differences by treatment status.
Variable n1 (treated) n2 (untreated) U statistic p-value
LFR (%) 12 138 541.0 0.0472
MFR (%) 12 138 1026.0 0.1712
HFR (%) 12 138 1124.5 0.0403
RET-He (Pg) 12 138 1085.5 0.0750
IRF (%) 12 138 1150.0 0.0259
RET-He (Pg) 12 138 1085.5 0.0750
IRON (ug/dL) 11 137 1171.0 0.0023
FERR (ug/L) 12 135 1064.0 0.0727
UIBC (ug/dL) 11 109 584.5 0.8951
TIBC (ug/dL) 9 105 627.0 0.1056
TRANSFERRIN 
SATURATION (%) 9 105 709.0 0.0131
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Figure 1. Spearman correlations between reticulocyte indices and iron markers.

Figure 2. Spearman correlations between age and reticulocyte/iron indices.
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reticulocyte phenotypes under erythropoietic stress, serving as 
a compensatory mechanism to enhance red cell release. The 
lack of notable age-related correlations with reticulocyte or iron 
indices (Table 4) indicates that reticulocyte parameters operate 
independently of chronological age, thereby increasing their 
relevance across various adult populations.
Treatment Response and Iron Supplementation Efficacy.

Participants administered iron supplementation (n=12) 
demonstrated reduced serum iron concentrations (p=0.0023) 
and transferrin saturation (TSAT) (p=0.0131) in comparison 
to untreated people, although ferritin levels were comparable 
between the groups (p=0.0727). Patients receiving iron treatment 
exhibited a marginally reduced RET-He value (p=0.0750, 
approaching the threshold of statistical significance), indicating 
potential incomplete iron repletion or ongoing functional iron 
insufficiency [11].

Nonetheless, these intergroup disparities must be treated with 
caution. A more plausible reason is severity bias, as individuals 
with greater iron deficiency are more inclined to obtain iron 

supplements. Consequently, the laboratory patterns seen may 
indicate the clinical state that necessitated the commencement 
of treatment rather than the biological impact of iron 
supplementation itself.

Due to the limited sample size of treated participants (n=12), the 
statistical power for between-group comparisons is constrained, 
precluding definitive conclusions about treatment response. 
From an epidemiological perspective, variations across cross-
sectional groups should not be construed as proof of therapy 
efficacy. Longitudinal studies with higher sample numbers are 
essential for a more comprehensive assessment of alterations in 
blood iron parameters and RET-He subsequent to iron therapy. 
Clinical and Diagnostic Implications.

The robust efficacy of RET-He as a singular predictor of iron 
status supports its incorporation into diagnostic algorithms 
for iron deficiency, especially in populations where the 
inflammatory reactivity of ferritin complicates interpretation. 
Studies examining inflammatory states, malignancy, and 
infection have shown that RET-He exhibits greater specificity 

Figure 3. Scatter plots of reticulocyte hemoglobin content (RET-He) versus iron status markers.
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than conventional markers [12]. The high proportion of female 
participants (97.3%) and the inclusion of pregnant women 
(15.8%) provide a basis for further exploration of pregnancy-
specific iron dynamics, given that pregnant individuals exhibit 
distinct erythropoietic adaptations that necessitate careful 
analysis of reticulocyte parameters [13].
Limitations and Methodological Considerations.

The pronounced gender disparity limits the external validity 
of findings to male populations and requires meticulous 
interpretation. The restricted treatment cohort (n=12, 8%) lacks 
adequate statistical power to make conclusive determinations 
regarding the efficacy of iron supplementation, underscoring the 
necessity for prospective randomized studies with sufficiently 
powered treatment groups. While hemoglobin values were 
accessible for anemia severity categorization, additional 
erythroid indices, including hematocrit and mean corpuscular 
volume, were absent from the dataset, hence constraining 
the thorough characterization of erythropoietic condition. 
Moreover, evaluating inflammatory markers as C-reactive 
protein and interleukin-6 would enable a stratified analysis to 
ascertain the diagnostic validity of RET-He more accurately in 
inflammatory situations.
Future Directions.

Longitudinal studies that include repeated measures of 
reticulocyte indices and iron biomarkers are crucial for 
establishing temporal relationships and causality. The 
application of machine learning algorithms to determine optimal 
RET-He thresholds for detecting iron deficiency in various 
clinical settings requires further examination. Evaluating RET-
He's performance in populations with chronic diseases, such 
as chronic kidney disease, heart failure, and rheumatologic 
disorders, would clarify its role in complex iron metabolism 
contexts. Additionally, assessing reticulocyte parameters 
following intravenous iron therapy and erythropoiesis-
stimulating agents would elucidate their effectiveness in 
monitoring therapeutic outcomes in specific populations.
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