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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.
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5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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.
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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 pg/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
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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-



Table 1. Baseline demographic and clinical characteristics of the study population.

Characteristic Category %
Male 2.7
Gender Female 146 97.3
<8 2.0
18-29 55 36.7
Age group (vears) 30-44 67 4.7
45-59 23 15.3
>60 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
FERR (ug/L) 147 -0.048 0.56
IRON (ug/dL) 148 -0.155 0.06
HFR (%) TIBC (ug/dL) 114 0.155 0.10
;l;}o{)ANSFERRIN SATURATION 114 0.229 0.014
UIBC (ug/dL) 120 0.200 0.028
FERR (ug/L) 147 0.044 0.59
IRON (ug/dL) 148 -0.045 0.58
IRF (%) TIBC (ug/dL) 114 0.110 0.24
TRANSFERRIN SATURATION 114 0.107 025
(%)
UIBC (ug/dL) 120 0.117 0.20
FERR (ug/L) 147 -0.009 0.91
IRON (ug/dL) 148 0.073 0.37
LFR (%) TIBC (ug/dL) 114 -0.115 0.22
TRANSFERRIN SATURATION 114 0.146 0.12
(%)
UIBC (ug/dL) 120 -0.135 0.14
FERR (ug/L) 147 0.028 0.73
TIRON (ug/dL) 148 -0.011 0.89
MFR (%) TIBC (ug/dL) 114 0.050 0.59
TRANSFERRIN SATURATION 114 0,054 057
(%)
UIBC (ug/dL) 120 0.053 0.56
FERR (ug/L) 147 0.430 <0.001
IRON (ug/dL) 148 0.364 <0.001
RET-He (Pg) TIBC (ug/dL) 114 -0.108 0.2540
;l:;:)ANSFERRIN SATURATION 114 0350 <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
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(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



Table 3. Median (IQR) of reticulocyte indices by anemia severity with Kruskal-Wallis tests.

Variable Severity n Median (IQR) p-value
Mild 27 87.10 (79.85-89.70)
LFR (%) Moderate 111 80.70 (75.60-85.70) 0.0146
Severe 12 81.05 (75.25-84.70)
Mild 27 10.50 (8.85-15.75)
MEFR (%) Moderate 111 13.30 (11.25-15.60) 0.0965
Severe 12 13.50 (11.05-15.55)
Mild 27 2.10 (1.20-6.45)
HFR (%) Moderate 111 4.90 (2.70-8.85) 0.0023
Severe 12 5.35(1.95-9.28)
Mild 27 24.60 (23.75-26.35)
RET-He (Pg) Moderate 111 22.30 (19.90-24.35) <0.001
Severe 12 15.20 (14.07-18.23)
Mild 27 12.60 (10.25-19.65)
IRF (%) Moderate 111 19.10 (14.10-24.20) 0.0034
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
HEFR (%) 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 nl (treated) n2 (untreated) U statistic p-value
LFR (%) 12 138 541.0 0.0472
MEFR (%) 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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Spearman Correlations: Reticulocyte Indices vs Iron Markers
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Figure 1. Spearman correlations between reticulocyte indices and iron markers.
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Figure 2. Spearman correlations between age and reticulocyte/iron indices.
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Figure 3. Scatter plots of reticulocyte hemoglobin content (RET-He) versus iron status markers.

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
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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



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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