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Abstract

Iron deficiency anemia (IDA) is one of the most common forms of anemiaupitio % of the world population
suffering from it. Currentvidely used methods determine IDA are hematology assay and transferrin samr@ SAT).
These methods have limitations such as they redjtive different specimens and could be affected by inflammation.
Novel parameters such as reticulocyte hemoglobin (RET-He) could betausedasure iron reserve in bone marrow,
whereas erythqmieds is judged by immature reticulocyte fraction (IRF). Both parameters teuttkasured using one
blood specimen. The aim of this study is to analyze the correlagioveen RET-He, IRF and TSAn patients with IDA.
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1. Introduction

Anemia is a condition of which the red blood cells or hemoglobin concentratiwe ired blood cell is
lower than normal according to age group. The World Health OrganizatiétOfWlefines anemia as
hemoglobin concentration <13 g/dL for male above 15 years old, <1X@g/dlon-pregnant women above 15
years old, and <11 g/dL for pregnant women. World prevalenaaaria is 1.62 billion people (24.8% of all
world population). [1]

Iron deficiency anemia (IDA) is one of the most common forms of andtm&approximated that 80% of
the world population had IDA, and 30% of them had chronic IDA. lieficiéncy anemia could be caused by
inadequate iron intake and/or iron malabsorption and gastrointestinal bleedindefi@ency anemia could
cause disturbance in growth and development and hinder daily activities. Lap@esonination plays an
important role in diagnosis and therapy follow up in IDA. [2-4]

The current gold standard in diagnosing IDA is hemosiderin analysis bone marrow with Perl's
Prussian blue dye, but this method is highly invasive, comes with highemnds&nly can be done by a highly
trained laboratory analyst. Hemosiderin examination could be substituted with lasivénmnethods such as
peripheral blood examination and iron status markers. Hematology examinatisedito establish anemia
diagnosis with cut-off value of hemoglobin <12.41 mg/dL for makk «h1.92 mg/dL for female. Iron status
examination is used for determining iron sufficiency, with diagnosis critexialvimg low serum iron
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concentration (<7,1 pg/L), low ferritin concentration (<30 ng/L) and high total iron binding capacity (TIBC)
(>13.1 umol/L). Transferrin saturation is a ratio as a result of calculation from serum iron concentration
divided by TIBC. Hallak et al. stated that TSAT <16% could confirm IDA. This dwadfie is in accordance
with the study of Molliner et al. in 2017. [3,5-7]

Hematology parameters and iron status have few weaknesses, such as needingn® ddiffesles: whole
blood in EDTA tube andeaum. Serum iron, TIBC, ferritin, TSAT examination could also be influgrine
hemolytic, icteric and lipemic samples to a certain degree. Interleukin-6 secretecdgphage and
neutrophil could increase production of hepcidin. Higher hepcidin concentratitthinorease expression of
ferritin and decrease ferroportin, thus limiting and sequestering irondiremiation and storing them in the
form of ferritin. The serum iron concentration will decrease in inflammaiahin the long term could cause
aremia. [841]

Reticulocyte index parameters could be used as replacements for iron statosulzhdbe analyzed
alongside hematology using the same sample. Reticulocyte hemoglobin (REiB-HBg result of
measurement of hemoglobin content in reticulocytes. Reticulocytes are the firsinoesgthropoiesis after
erythroblast releases its nucleus and migrates to peripheral blood circulation. Reticidopygsent in
peripheral blood earlier than erythrocyte; thus RET-He could giveriereaew of iron status in anemia than
hemoglobin. 12]

Immature reticulocyte fraction (IRF) is an early marker of regeneration yithrepoiesis. Immature
reticulocyte fraction could increase earlier than erythrocyte and hemoglobirccatdl show the bone
marrow’s response toward anemia in its pathophysiology as well as response of therapy.13,1

The aim of this study is to determine the correlation between TSAT and RET-WA&, &&l IRF, and
RET-He and IRF in patients with IDA in Dr. Hasan Sadikin General Hospital.

2. Materials and Methods

This is a cross-sectional observational correlative study. All data were collectegheetinedy using
secondary data from medical records and laboratory results fronatiatyoand hospital information systems.
The population of this study is all the medical records of adult patients DAHICD-10 code D50) in the
year 2019 which are 330 subjects.

The subjects of this study are patients with IDA diagnosis that have their iros @&eatum iron, TIBC)
and hematology (including REMe and IRF) checked in Dr. Hasan Sadikin General Hospital in the period of
January up to December 2019.

Inclusion criterion in this study is adult patients with IDA (TSAT <16%). Exclusiger@n in this study
is patients with incomplete medical records and laboratory results. Correlative statislyseamvere done
using SPSS 25 with Pearson formula if the data were normally distributé&pearman rank if the data
were not normally distributed.

3. Results

There were 35 out of 330 (10.6%) subjects with IDA that fulfill the inclusion crit®haracteristics of
the subjects were described in Table 1 below.

WWw.ijrp.org



&%, IJRP.ORG

Richard Chandra/ International Journal of Research Publications (IJRP.ORG) D i

ISSN: 2708-3578 (Online)

288

Table 1. Characteristics of Included Subjects

Characteristics n %

Sex

Male 13 37.1%

Female 22 62.9%
Age

15-24 7 20.0%

25— 44 19 54.3%

45-64 9 25.7%
RET-He

Low (<32,1 g/dL) 35 100%

Normal (32,1 38,8 g/dL) 0 0%
IRF

Normal (1,6- 10,5 %) 1 2.9%

High (>10,5 %) 34 97.1%

Majority of the subjects were female (62.9%) with age of 25 to 44 years oB¥{h4All subjects (100%)
have low RET-He value, with 97.14% of the subjects having high IRF. Thealityrof the TSAT, RET-He,
IRF data were tested using the Shapiro-Wilk test with the result of normal distribati®ET-He and IRF
and abnormal distribution for TSAT data. The data BfTRHe and IRF were presented as mean + standard
deviation, and TSAT as median (minimum, maximum) in Table 2.

Table 2. Transferrin Saturation, RET-He and IRF Results

Median

Parameters Mean = SD (Min, Max)
Saturasi Transferin - 4.7% (1%, 14%)
RET-He 189+44 -

IRF 25.9+9.9 -

The correlation between TSAT and RET-He, TSAT and IRF, and RET-He and IRFis@eyed in
Table 3, 4, and 5.
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Table 3. Correlation Between TSAT and RETHe

RET-He
P P
TSAT 0.513 0.002

Table 4. Correlation Between TSAT and IRF

IRF
p P
TSAT 0.192 0.270

Table 5. Correlation Between RET-He and IRF

IRF
r P

RET-He 0.080 0.649

There were moderate and significant correlation between TSAT and REA=Bl&13, P=0.002), but no
significant correlation between TSAT and IRF=(Q.192, P=0.270) and between RET-He and IRF (r=0.080,
P=0.649).

4. Discussion

Transferrin saturation and RET-He were found relatively low in all subjects witkenatedbut significant
correlation. These results were in accordance with those in studies by Mast etidkpimet al., Kaneko et
al., and M. Rudiyansah et al. reveal that RET-He concentration will decrdbseirfg depletion of iron
reserves as demonstrated by low TSAT. Hemoglobinization of immature erythrocytedslepeniron
reserves, thus decrease of iron could impair hemoglobin synthesis inttivegoiesis processl1$-18]

Majority of the subjects (97.14%) show an increase of IRF that reflects higlieropoiesis as a response
of IDA. This result is similar to the study of Choi et al that showed a hijgbyulation of middle and high-
fluorescence reticulocytes in patients with low serum ird8. |

Even though there were increases in IRF value in almost all subjects, themne wigsificant correlation
between IRF and TSAT or RET-He. This could be caused by the degreasum iron not having a direct
impact on erythropoietin. The decreasing serum iron will cause anemia andheveetygen concentration in
tissues. Low oxygen concentration could trigger erythropoietin gene exprassienkidney thus increasing
erythropoietin secretion. Increased erythropoietin could promote erythrogkmtor cell division and
maturationand also restrain erythroblast apoptosis in the bone marrow. This whole pitareske increase
of erythropoietin until release of young reticulocytes into peripheral bloodlafion could take * 2 weeks.
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The acquired IRF value in the time of low TSAT and RET-He reflects erythropoiesiess up to + 2
weeks before.J0-22]

This study has a few limitations such as not every patient with IDA had priorHREE&nd IRF results,
resulting in small sample size. This could explain the non-existence of corrddatiseen TSAT and RET-
He toward IRF. This study also did not regard the hemoglobin level whidt eary between samples as an
effect of blood transfusion, thus could affect the rate of erythropolagither research is needed to assess the
correlation of TSAT and RET-He toward IRF with bigger sample size.

Acknowledgements

The authors would like to acknowledge Universitas Padjadjaran and Dr. Hasan 3adi#iémic General
Hospital staffs for the support given to undertake this study s@egial thanks and appreciation ajgato all
the patients who voluntarily participated in this study.

Conflict of Interest Statement
The authors have no potential conflict of interegarding to this work.

Refererces

1. McLean E, Cogswell M, Egli I, Wojdyla D, de Benoist B. Worldwide prevalesic@anaemia, WO
Vitamin and Mineral Nutrition Information System, 1993-2005. Public health nutrit@009
Apr;12(4):444-54.

2. Harmening DM. Clinical Hematology and Fundamentals of Hemostasis. Edisi ke-B#ueRihia: F. A.
Davis Company;2008.

3. Johnson-Wimbley TD, Graham DY. Diagnosis and management of iron deficirnia in the 21st
century. Therap Adv Gastroenterol. 2011;4(3):177-84.

4. Nguyen PH, Scott S, Avula R, Tran LM, Menon P. Trends and drivers of chartbe prevalence of
anaemia among 1 million women and children in India, 2006 to 2018;2(3):e001010.

5. Cacoub P, Vandewalle C, Peoc'h K. Using transferrin saturation as a diagnostic cfiberioon
deficiency: A systematic review. Crit Rev Clin Lab Sci. 2019;56(8):526-32.

6. Hallak MNA, Newman W, Al-Kali A. Transferrin Saturation (TS) Is a Surrogate Markerlrfm
Deficiency Anemia (IDA). Blood. 2011;118(21):3175-.

7. Moliner P, Jankowska EA, van Veldhuisen DJ, Farre N, Rozentryt P, Enjuanes C, eticdl Ctirrelates
and prognostic impact of impaired iron storage versus impaired &osptort in an international cohort of
1821 patients with chronic heart failure. Int J Cardiol. 2017;2436360-

8. Buttarello M. Laboratory diagnosis of anemia: are the old and new red cethgiara useful in
classification and treatment, how? Int J Lab Hematol. 2016;38 Suppl 1:123-32.

9. Cherayil BJ. Pathophysiology of Iron Homeostasis during Inflamma&tates. The Journal of Pediatrics.
2015;167(4):S15-S9.

10.Nairz M, Theurl I, Wolf D, Weiss G. Iron deficiency or anemia of inflamnrétio Differential diagnosis
and mechanisms of anemia of inflammation. Wiener medizinische Wochenscla#6).(12016
Oct;166(13-14):4123.

11.Wessling-Resnick M. Iron homeostasis and the inflammatory response. Arwieal of nutrition. 2010
Aug 21;30:105-22.

12.Reticulocyte Hemoglobin Content (RET-He): A Parameter with Well-Established Clinical Value. |
America S, editor. Lincolnshire: Sysmex; 2013.

WWw.ijrp.org



Richard Chandra/ International Journal of Research Publications (IJRP.ORG) ‘.\ JJ RP.ORG

ISSN: 2708-3578 (Online)

291

13.Mehta S, Goyal L, Kaushik D, Gulati S, Sharma N, Harshvardhan L, et al. Reticulocytegldbmd/is-
A-Vis Immature Reticulocyte Fraction, as the earliest Indicator of Response to Thehapy Deficiency
Anemia. J Assoc Physicians India. 2017;65(12)/14-

14.The Importance of Reticulocyte Detection. Dalam: Editor, editor.”editors. Bdwk Importance of
Reticulocyte Detection. City: Sysmex; 2016.

15.Davidkova S, Prestidge TD, Reed PW, Kara T, Wong W, Prestidge C. Coompaffisreticulocyte
hemoglobin equivalent with traditional markers of iron and erythropoiesis in pedi&lysis. Pediatric
nephrology (Berlin, Germany). 2016 May;31(5):88-

16.Kaneko Y, Miyazaki S, Hirasawa Y, Gejyo F, Suzuki M. Transferrin saturation versus regieulo
hemoglobin content for iron deficiency in Japanese hemodialysis patients. Kitrayational. 2003
03/01;63:1086-93.

17.Mast AE, Blinder MA, Lu Q, Flax S, Dietzen DJ. Clinical utility of the reticulocyte hglotiin content in
the diagnosis of iron deficiency. Blood. 2002;99(4):1489-

18.Rudiansyah M, Roesli R, Martakusumah A, Supriyadi R, Rachmadi D, Barjast al. RET-He
Correlated with Iron and Transferrin Saturation in Routine Hemodialysis. éastrand New Zealand
Society of Nephrology Annual Scientific Meeting. 2018.

19.Choi JW, Pai SH. Reticulocyte subpopulations and reticulocyte maturity index @@&gllas body iron
status falls. American journal of hematology. 2001 Jun;67(2)5L30-

20.Bunn HF. Erythropoietin. Cold Spring Harb Perspect Med. 2013;3(3):a014.61

21.Camaschella C, Pagani A, Nai A, Silvestri L. The mutual control of iron and epgilesis. Int J Lab
Hematol. 2016;38(S1):26-

22.Kim A, Nemeth E. New insights into iron regulation and erythropoiesis. @pmn Hematol.
2015;22(3):199-205.

WWw.ijrp.org



