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ABSTRACT

The aim of this study was to analyze changes in morphological blood parameters in women and men with reduced
and normal iron levels. In this study, morphological blood parameters such as the count of red blood cells (RBC),
hemoglobin concentration (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concentration (MCHC), and red cell distribution width (RDW) were studied in four
groups of individuals (women with normal iron levels; women with reduced iron levels; men with normal iron levels;
men with reduced iron levels).

Methodology. This study was carried out in a group of 203 individuals. The group of women participating in the
study consisted of 106 individuals (52.2 %), while the group of men consisted of 97 individuals (47.8 %). After analysis
of plasma iron levels, all patients were divided into the following groups: 1) women with normal iron levels
(37-145 pg/dl, n = 48); 2) women with reduced iron levels (< 37 pg/dl; n = 58); 3) men with normal iron levels (59-158
pg/dl, n = 41); 4) men with reduced iron levels (<59 pg/dl, n = 56). In each group of individuals, the number of
erythrocytes and erythrocyte parameters was determined. Plasma iron was assessed using a substrate method.
Hematological measurements were made in fresh venous blood. Hematology parameters were determined on an ABX
Pentra DF120 hematology analyzer (Horiba ABX).

Scientific novelty. Erythrocyte indices analyzed in the blood of women with reduced iron levels compared to
women with normal iron levels showed lower values of hemoglobin, hematocrit, MCV, MCH, and MCHC in the blood.
Increased values of RDW and the count of erythrocytes in the blood of women with reduced iron levels compared to the
control group of women were noted. Similarly, when comparing the values of erythrocyte indices obtained in the group
of men with reduced iron levels to the control group of men with normal iron levels, reduced values of MCH, MCV, and
MCHC were demonstrated. However, the values of the count of erythrocytes, RDW, hematocrit, and hemoglobin levels
were elevated compared to the control. The reverse trend in erythrocyte indices such as hemoglobin and hematocrit
indices between the group of women and the group of men with reduced iron levels was observed. Comparing the
obtained values with the reference values, it was noted that the reduced values of the count of erythrocytes, and the level
of hemoglobin and hematocrit were obtained in all study groups. An increased MCV value compared to the reference
values was noted in the group of women and men with normal iron levels. Men with normal iron levels had elevated MCH
values. In all studied groups, an increased level of RDW was noted compared to reference values.

Conclusions. Erythrocyte count, hemoglobin concentration, and certain erythrocyte indices (MCV, MCH, MCHC,
and RDW) can be additional indices in the diagnosis of iron deficiency state both in men and women. It should be
emphasized that even in non-anemic patients with erythrocyte count, hemoglobin concentration, and MCV, MCH, and
MCHC above the lower limit of normal, the concentration of iron in the plasma could be lower than the reference values.
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AHOTANIA

MeToI0 1IbOT0 I0C/Ii[PKEHHsI OYB aHaJTi3 3MiH MOpP}OJIOTiYHUX MOKA3HUKIB KPOBi y KiHOK 1 40JI0BIKiB 3i 3SHIXKEHUM
i HopMa/IbHUM piBHEM 3asiza. Y uboMy AocifkeHHi MopdosioridyHi MOKa3HUKU KPOBi, TaKi K KiJIbKiCTb epUTPOLIUTIB
(RBC), koH1eHnTpanis remorso6iny (HGB), rematokput (HCT), cepenniéi 06’eM eputpouuta (MCV), cepenniii BMicT
reMorJio6iHy B eputpouuTtax (MCH), cepenHst KoHLIeHTpalis reMmorsa06iny B eputpouuTtax (MCHC) i BifjHOCHa minpuHa
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po3noainy epuTpouuTiB o 06'emy (RDW) BuBYa/iu B YOTUPHOX I'pynax oci6 (>KiHKMU 3 piBHeM 3aJii3a B HOpPMI B MJ1a3Mi;
>KIHKU 3 piBHEM 3aJ/1i3a HUXK4Ye HOPMU; YOJIOBIKH 3 piBHEM 3asi3a B HOPMi; Y0JI0BiKM 3 piBHEM 3aJs1i3a HIXKYe HOPMU).

MeTopaoaoris. lle nocaimxenHs npoBoauaocs B rpyni 203 oci6. 'pyna xkiHOK, siKi 6pa/id y4acTb y AOCTipKeHH,
ckJasia 106 oci6 (52,2 %), a rpyna 4oJi0BikiB - 97 oci6 (47,8 %). [licsist aHanisy piBHs 3asi3a B 1a3Mi Bci nalieHTH 6y1u
po3nozizeni Ha Taki rpynu: 1) »kiHKU 3 piBHeM 3aJ1i3a B HopMi (37-145 Mkr /i1, n = 48); 2) )KiHKU 3 piBHEM 3a/1i3a HUXKYe
HopMH (< 37 Mkr/mau; n = 58); 3) 4osioBiKM 3 piBHeM 3asiza B HopMi (59-158 Mkr/au, n = 41); 4) 4oJioBiKM 3 piBHEM
3asiza Hwxk4ye HOpMU (< 59 MKr/mja, n = 56). ¥ KoXHi#l rpyni BU3HaAYa M KiJIbKICTb €pUTPOLUTIB i epuUTpouuTapHi
NMOKAa3HUKHW. 3asizo B MJa3Mi OIiHIOBaJIM Cyb6CTpaTHHUM MeTOJioM. BuMiproBaHHS TreMaToOJIOTiYHUX IOKa3HHUKIB
BU3HAYa/JIM Ha remartoJsiorivHoMy aHasizaTtopi ABX Pentra DF120 (Horiba ABX) y cBixili BeHO3Hill KpoBi 3
eTu/eHAiaMiHTeTpao1ToBOwO KUuca0Tow (K3-EDTA).

HaykoBa HOBU3HaA. AHaJli3 epUTPOLMUTAPHUX MOKA3HUKIB KPOBi *KiHOK i3 jedindToM 3aji3a MOpiBHSHO 3
>KiHKaMU 3 piBHEM 3aJi3a B HOpMi M0Ka3aB HUKYi 3HaYeHHs piBHA reMorJio6iny, rematokputy, MCV, MCH ta MCHC y
KpoBi. ¥ xkiHOK 3 fediliuToM 3a1i3a BijMiueHo nifiBuieHHs 3HaueHb RDW Ta KiJIbKOCTi epUTPOLUTIB Y KPOBi IOPiBHAHO
3 KOHTPOJIbHOIO IPYIOI0 KiHOK. Tak caMo Npu NOPiBHAAHHI 3HaYeHb epUTPOLUTAPHUX IOKA3HUKIB, OTPUMaHUX Y Ipymi
40J10BiKiB i3 gledinuToM 3a/1i3a, 3 KOHTPOJILHOI I'PYIIOI0 YOJIOBIKIB 3 piBHEM 3a/ii3a B HOpMi 6yJ10 BiiMiueHO 3HMKEHI
3HayeHHss MCH, MCV Tta MCHC. [IpoTe KiJIbKOCTb epUTPOIMTIB, 3HaueHHss RDW, reMaTOKpUTy Ta piBHSI reMorJjio6iny
OyJi1 miJiBULIEeH] MOPiBHSAHO 3 KOHTpoJsieM. CrocTepirasacs 3BOpOTHA AUHAMIKA €PUTPOIMTAPHUX MMOKA3HHUKIB, TAKUX
K piBeHb reMorJo6iHy i reMaTOKpPHUT, MiXK rpymnoio KiHOK i rpynoio 4oJioBikiB i3 gedinuTom 3asnisa. [lopiBHIOIOYH
OTpHMMaHi 3HAa4eHHS 3 MOKa3HUKAaMU HOPMH, BiJjI3HAYEHO, L0 3HWKEHI 3HA4YeHHA KiJIbKOCTI epUTPOLMUTIB, piBHA
reMorJio6iHy Ta reMaTOKpUTY OTPUMaHi B yCiX OCAI>KyBaHUX rpynax. Y rpyi xKiHOK i 40JI0BiKiB 3 HOpMa/IbHUM piBHEM
3asli3a BifizHaveHo miBUIeHHs 3Ha4eHHsT MCV nopiBHSAHO 3 pedepeHTHUMHU 3HaYeHHSIMHU. Y0JI0BiKM 3 piBHEM 3asti3a B
HOpMi MaJu nigBuieHi 3HaueHHss MCH. B ycix gocaifpkyBaHux rpynax BifisHaueHo niBuIeHHs piBHA RDW nopiBHsiHO
3 pedbepeHTHUMY 3HAYEHHSAMU.

BucHOBKHM. /[0/JaTKOBUMH MOKAa3HUKAMHU B A1arHOCTHUIIi 3a/1i301eQiIIUTHOTO CTAHY SIK Y YOJIOBIKIB, TaK i y *KiHOK
MOXYTb OYTH KiJIbKiCTb epUTPOLUTIB, KOHI|eHTpallifl reMor/06iHy Ta Aeski eputpouuTapHi ingexkcu (MCV, MCH, MCHC,
RDW). Cstizg migkpec/iuTH, 1110 HaBiTh ¥ Mal[i€EHTIB 6€3 aHeMil 3 KiJIbKiCTI0 epUTPONUTIB, KOHIIEHTPAIi€I0 reMOorJIo6iHy Ta
nokazHukamMmu MCV, MCH i MCHC, siki 3HaxoAATbCSI BUILE HUXKHBOI MeXi HOpMH KOHLIEHTpalid 3a/1i3a B MJla3Mi Moxe
6yTH HMKYOI0 3a pedpepeHTH] 3HaUeHHS.

K/io4yoBi cioBa: KOHIeHTpallis 3a/i3a, KiJbKiCTb epUTPOILUTIB, TeMaTOKPUT, TeMOrJio6iH, epuTpoLUTapHI
MOKa3HUKHU

Introduction Untreated iron deficiency anemia can lead

Iron deficiency is the leading cause of to serious complications such as irregular
anemia and is a serious public health problem heartbeat, angina pectoris, heart attack, low
worldwide (Pasricha et al, 2021). Since birth weight, increased risk of infection, and
approximately two-thirds of the total iron in the delayed growth (Andrews, 1999). Changes in
body is used in the synthesis of hemoglobin, its diet and iron supplementation can help treat
deficiency affects the production of red blood mild iron deficiencies, while severe cases of iron
cells (Koury and Ponka, 2004). Approximately deficiency may require red blood cell
three billion people worldwide suffer from iron transfusions, intravenous iron, or iron
deficiency anemia, which is caused by iron injections (Pasricha et al., 2021).
intake being less than required (Ning and Zeller, Iron-resistant iron deficiency anemia is
2019). Iron deficiency can also result from caused by a rare mutation in the TMPRSS6 gene,
blood loss, gastrointestinal bleeding, blood which encodes Matriptase-2 and is expressed in
donation, or pregnancy. Iron deficiency anemia the liver. This mutation leads to a decrease in

can also be caused by cancer (of the esophagus, TMPRSS6 activity and, consequently, to an
stomach, or colon) (Pasricha et al, 2021). increase in hepcidin concentration. As a result,
Children and women are much more likely to be the absorption of iron from the intestine and the
iron deficient (Percy et al., 2017; Means, 2020). release of iron from macrophages is inhibited,

Iron deficiency can also result from premature causing severe iron deficiency (Ganz, 2011;
birth, poor growth, and cognitive development, Hentze et al, 2014). High levels of hepcidin
and affects the nervous system. Patients block intestinal iron absorption and iron
presenting to physicians may experience recycling by macrophages, causing iron-
symptoms related to anemia, which include restricted erythropoiesis and anemia. Low

chronic fatigue, poor exercise tolerance, levels of hepcidin help supply iron to the bone
headaches, and difficulty concentrating marrow for hemoglobin synthesis and red blood
(Andrews, 2008; Chifman et al.,, 2014). cell production. Extended erythropoiesis after

hemorrhage or treatment with erythropoietin
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blocks hepcidin by sharply reducing transferrin
saturation and releasing the erythroblast
hormone and the hepcidin inhibitor erythro-
ferrone (Pagani et al., 2019).

Anemia due to chronic inflammation, also
called chronic anemic disease (ACD), is a
systemic iron disorder and occurs in association
with malignancies, chronic infections, trauma,
inflammatory disorders, and organ failure
(Andrews, 2004). Iron stores in chronic anemic
disease are not depleted, but iron is cumulated
in macrophages. In addition, reduced iron
absorption inhibits hemoglobin synthesis.
Serum iron deficiency is a consequence of an
increase in hepcidin in response to inflam-
mation, which may be an attempt to limit the
availability of iron to invasive microorganisms
and tumor cells (Nemeth et al,, 2003). Hepcidin
production is induced by the inflammatory
cytokine interleukin-6  (IL-6), bacterial
pathogens, and lipopolysaccharides (Nemeth et
al., 2004). Chronic anemia is considered mild to
moderate anemia, and its treatment usually
focuses on iron supplementation (Chifman et al.,
2014).

Paying attention to the current issue of
iron deficiency and the occurrence of iron
deficiency anemia among different age groups,
the aim of this study was to analyze changes in
morphological blood parameters in women and
men with reduced and normal iron levels. In this
study, morphological blood parameters such as
the count of red blood cells (RBC), hemoglobin
concentration (HGB), hematocrit (HCT), mean
corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemo-
globin concentration (MCHC), and red cell
distribution width (RDW) were studied in four
groups of individuals (women with normal iron
levels; women with iron levels below the norm;
men with normal iron levels; men with iron
levels below normal).

Materials and methods

Participants. The participants of the study
were recruited among patients of non-public
Health Care Center U & O Zdrowie - Home-
based long-term care (Lebork, Poland). A
detailed medical history was taken, and a
physical examination was performed on all
participants. The Research Ethics Committee of
the Regional Medical Commission in Gdansk
(Poland) approved the study (KB-21/19). All
patients provided written informed consent
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before the start of the study procedures. This
study was carried out in a group of 203 indi-
viduals. The group of women participating in
the study consisted of 106 individuals (52.2 %),
while the group of men consisted of 97 indivi-
duals (47.8 %). The mean age of individuals who
participated in the study was (44.85 % 6.74)
years for women, and (47.13 * 5.92) years for
men.

After analysis of plasma iron levels,
all patients were divided into the following
groups: 1) women with normal iron levels
(37-145 pg/dl, n = 48); 2) women with iron
levels below the norm (< 37 pg/dl; n = 58);
3) men with normal iron levels (59-158 pg/dl,
n = 41); 4) men with iron levels below normal
(< 59 pg/dl, n = 56). In each group of patients,
the number of erythrocytes and erythrocyte
parameters was determined.

Blood samples. Blood samples were collec-
ted into commercial tubes after overnight
fasting for the analysis of laboratory
parameters. Venous blood samples (5 ml) were
obtained from the capital vein of each
participant using sterile disposable plastic
syringes. Specimens were collected at the same
standardized time to minimize any effect of
diurnal variation. Hematological measurements
were made in fresh venous blood with
ethylenediaminetetraacetic potassium (Ks-
EDTA). The analytical material for the
determination of the iron level was plasma
collected on heparin.

Determination of the iron level. Plasma
iron was assessed using a substrate method.
Iron levels were determined on a Roche/Hitachi
cobas® Integra 8000 analyzer. The method used
to determine the iron concentration is the
Guanidine/FerroZine® method, in which iron
(Fe3*) after being released from transferrin by
guanidine tetrachloride, is then reduced to Fe2*
by ascorbate and hydroxylamine. Iron ions Fe2*
then form a chelating complex with FerroZine®.
This complex is red in color and, in order to
avoid interference with copper, Ca2* ions are
then bound by thiourea. The color intensity
developed during the reaction is directly
proportional to the concentration of iron in the
tested sample. The cobas® Integra 8000
analyzer automatically dispenses both reagent
and test material and measures absorbance.

Hematological indices. Hematology para-
meters were determined on an ABX Pentra
DF120 hematology analyzer (Horiba ABX). The
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essence of the quantitative determination of
morphotic elements of peripheral blood is
based on the conductometric method. This
method is based on the change in impedance
caused by the passage of blood cells through
calibrated microapertures. The blood sample is
diluted with a fluid with electrolytic properties.
The electrical resistance of the diluent is much
lower than that of blood cells. The solution is
vacuum sucked through the micro diaphragm.
Two electrodes are placed on either side of the
diaphragm. Current flows between the two
electrodes continuously. When a blood cell
appears in the aperture of the diaphragm, the
electrical resistance between the electrodes
increases in proportion to the volume of the
blood cell. The generated pulses of very low
voltage are amplified and shaped by the
electronic system. This system eliminates
interference pulses with a value lower than the
set switching threshold. The analyzer uses two
measuring chambers: one for counting
leukocytes, and the other for counting
erythrocytes and platelets. Reagents used: ABX
Diluent, ABX Basolyse, ABX Cleaner, ABX
Alphalyse, ABX Leucodiff, ABX Lysebio. Well-
mixed samples with blood were inserted into
the analyzer to determine the morphological
parameters. The morphological study of
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peripheral blood included the following
parameters: count of red blood cells (RBC);
hemoglobin concentration (HGB); hematocrit
(HCT); mean corpuscular volume (MCV); mean
corpuscular  hemoglobin = (MCH); mean
corpuscular hemoglobin concentration (MCHC);
red cell distribution width (RDW).

Statistical analysis. The mean * S.E.M.
values were calculated for each group to
determine the significance of the intergroup
difference. All variables were tested for normal
distribution using the Kolmogorov-Smirnov and
Lilliefors test (p > 0.05). The significance of
differences between the erythrocyte
parameters (significance level, p < 0.05) was
examined using the Mann-Whitney U test and
the Kruskal-Wallis test by rank (Zar, 1999). All
statistical calculations were performed on
separate data from each individual with
STATISTICA 13.3 software (TIBCO Software,
Poland).

Results and discussion

The level of iron in the plasma of
women and men with normal and reduced
iron levels is shown in Fig. 1.

ok H

ONormal iron levels in plasma

BReduced iron levels in plasma

Fig. 1. The level of iron in the plasma of women and men with normal and reduced iron levels.

* — statistically significant changes between the means in the groups of women with

normal and reduced iron levels;

** — statistically significant changes between the means in the groups of men with

normal and reduced iron levels;

# — statistically significant changes between the means in the groups of women and men

with reduced and normal iron levels;

@ — statistically significant changes between the means in the groups of women and men

with reduced and normal iron levels
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According to the reference values, the
normal plasma iron level in women is 37-
145 pg/dl, and in men 59-158 pg/dl. According
to the results obtained in our study, it was noted
that the highest plasma iron level was obtained
by a group of men with normal iron levels
(95.46 £ 5.74 ng/dl). Slightly lower iron levels
were noted in the group of women with normal
iron levels (67.69 * 4.70 pg/dl). Iron-deficient
men had plasma iron values of (30.24 + 1.05
pg/dl), while iron-deficient women had iron
levels at (24.33 * 0.83 pg/dl). Analyzing the
groups of women among themselves, a
significantly higher level of iron was recorded in
the plasma of women with normal iron levels
and amounted to 178% (p < 0.05) compared to
those who possessed reduced iron levels.
Similarly, men with normal iron levels obtained
three times higher plasma iron levels than men
with its deficiency, and these changes are
statistically significant (p < 0.05). Comparing
the group of women with the group of men with
normal iron levels, a higher value of iron in the
blood was recorded in the group of men (by
41%, p < 0.05). However, the analysis of the
group of women compared to the group of men
with iron deficiency showed that the level of
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HH

2,5

*1012/L

1,5

0,5
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iron in the plasma was higher by 24% in the
group of men and these changes were
statistically significant (p < 0.05) (Fig. 1).

Erythrocytes, otherwise known as red
blood cells, are specialized blood cells whose
goal is to transport oxygen from the lungs to the
rest of the body's tissues. Too high values of
erythrocytes most often indicate dehydration of
the patient, i.e. a situation in which the amount
of water in the blood decreases, which increases
the amount of morphotic elements. An increase
in the number of erythrocytes can also lead to
chronic hypoxia of the body, most often in
people who smoke cigarettes, habitat in areas
located at significant geographical heights, as
well as in people struggling with heart defects
or lung diseases that lead to disorders of gas
exchange processes in the blood. Rare problems
contributing to a high number of erythrocytes
are cancers that produce compounds that
increase the intensity of hematopoietic
processes or treatment with the use of
glucocorticoids (www.diag.pl).

The number of erythrocytes in the blood of
men and women with normal and reduced iron
levels is shown in the figure 2.

sk

Women
ONormal iron levels in plasma

Men

B Reduced iron levels in plasma

Fig. 2. The number of erythrocytes in the blood of men
and women with normal and reduced iron levels.

** — statistically significant changes between the mean
in the groups of men with normal and reduced iron levels

According to the results of our study, the
highest number of erythrocytes was recorded in
the blood of women (3.26 # 0.15 M/ml) and men
with reduced iron levels (3.37 + 0.06 M/ml) com-

99

pared to the number of erythrocytes obtained in
the blood of women (3.12 + 0.08 M/ml) and men
with normal iron levels (3.00 = 0.11 M/ml). In
the blood of women with reduced iron levels, a
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higher number of erythrocytes was noted (by
4.5 %, p > 0.05) compared to the values in the
group of women with normal iron levels.
Similarly, in the group of men with reduced iron
levels, a statistically significantly higher number
of erythrocytes was found (by 12.3 %, p < 0.05)
compared to the values obtained in men with
normal iron levels. Comparing the values of the
number of erythrocytes in the blood of women
and men with normal iron levels, a higher
number of erythrocytes in the blood of women
[(3.12 £ 0.08 M/ml) ». (3.00 = 0.11 M/ml)],
which was 4 % (p > 0.05). Analyzing the number
of erythrocytes in the blood in the groups of
women and men with reduced iron levels, a
reverse trend was observed: a higher number of
erythrocytes was found in the blood of men
(3.37 £ 0.06 M/ml) compared to the group of
women (3.26 = 0.15 M/ml), which was 3 %
(p > 0.05) (Fig. 2). The reference values of the
number of erythrocytes in the blood of women
are 3.5 - 5.2 million/mm?® and for men are
4.2 - 5.4 million/mm?. The results of our study
revealed that both in the blood of women and
men, the number of erythrocytes was below the
reference values.

The World Health Organization defines
anemia as a blood hemoglobin concentration
below 7.7 mmol/L (13 g/dL) in men and
7.4 mmol/L (12 g/dL) in women. Typically,
evaluation of the cause of anemia includes a
complete blood count, peripheral smear,
reticulocyte count, and serum iron indices. The
severity of anemia depends on the patient's
hemoglobin/hematocrit level. Iron deficiency
anemia is characterized by microcytic,
hypochromic erythrocytes and low iron stores.
Mean blood cell volume is a measure of the
average volume of red blood cells, and mean
corpuscular hemoglobin concentration is a
measure of the hemoglobin concentration in a
given volume of red blood cells. The normal
reference ranges for mean cell volume are 80-
100 fL and the mean cell hemoglobin concentra-
tion is 320-360 g/L. A patient’s cells are said to
be microcytic and hypochromic, respectively,
when these values are less than the normal
reference range. It is worth noting that up to 40
% of patients with true iron deficiency anemia
will have normocytic erythrocytes (i.e. normal
mean cell volume does not rule out iron
deficiency anemia) (Bermejo and Garcia-Lopez,
2009).
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Red blood cell distribution width is a
measure of red cell width variability and is used
in conjunction with mean red cell volume to
distinguish mixed-cause anemia from single-
cause anemia. The normal reference range is
11-14 %; an increased value of the width of the
distribution of red blood cells indicates a change
in the size of the red blood cells, which is known
as anisocytosis. The width of red blood cell
distribution may be increased in the early stages
of iron deficiency anemia or when the patient
has both iron deficiency anemia and folic acid
deficiency with or without vitamin Bi2
deficiency, both of which cause macrocytic
anemia. It is common for the platelet count to be
greater than 450,000/ul in the presence of iron
deficiency anemia. When examining the
peripheral smear of a patient with chronic iron
deficiency anemia, hypochromic, microcytic
erythrocytes can usually be seen. Thrombo-
cytosis may also be seen. It should be noted that
microcytosis seen in a peripheral smear may be
seen before abnormalities in a complete blood
count. If the patient has concomitant folic acid
or B1z deficiency, the peripheral smear will be a
mix of hypochromic macrocytic and microcytic
erythrocytes, along with normalization of mean
corpuscular volume (Johnson-Wimbley and
Graham, 2011).

One of the basic blood tests is the
determination of the level of hemoglobin, which
provides a lot of information about the patient's
health. Hemoglobin molecules contain iron in
their structure, thanks to which they are able to
effectively fulfill their role, which is the
transport of oxygen and carbon dioxide. The
measurement of hemoglobin in the complete
blood count is referred to as Hb or HGB. Most
cases where there is an increase in hemoglobin
in the blood are not a cause for concern, and its
most common cause is dehydration of the body.
High hemoglobin concentrations may also occur
in the situation of prolonged, slight hypoxia, or
in people intensively practicing endurance
sports. It should also be taken into account that
a high concentration of hemoglobin may
indicate the development of diseases associated
with impaired production of erythrocytes in the
bone marrow, as well as certain genetic and
oncological diseases (www.diag.pl).

The figure 3 shows the level of hemoglobin
in the blood of women and men with normal and
reduced iron levels.
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Fig. 3. The level of hemoglobin in the blood
of women and men with normal and reduced iron levels.

* — statistically significant changes between the means in the groups
of women with normal and reduced iron levels;

(@ - statistically significant changes between the means in the groups of women a
nd men with reduced iron levels

Our results showed that the highest level
of hemoglobin is found in women with normal
blood iron levels (9.86 + 0.31 g/dl), while both men
with normal iron levels (9.58 +0.18 g/dl), and
those with reduced iron levels (9.67 + 0.15 g/dl)
have approximate values. The lowest hemo-
globin level was noted in women with reduced
iron levels (8.87 £0.17 g/dl). Comparing the
results obtained between groups of women with
normal iron levels and women with reduced iron
levels [(9.86 % 0.31 g/dl) »s. (8.87 + 0.17 g/dl)],
we notice statistically significant changes (by
11%, p < 0.05). Similarly, in the group of
men with reduced iron levels compared to
men with normal levels [(9.67 £ 0.15 g/dl) us.
(9.58 £ 0.18 g/dl)] we notice similar results.
Comparing the results in women and men with
normal iron levels, we notice a difference in the
results obtained of 2% (p > 0.05), while in
women and men with reduced iron levels, this
difference is 9% and is a statistically significant
(p < 0.05) (Fig. 3). The reference values of the
hemoglobin level in women are 11.5-16.5 g/d],
while in men 13.0-18.0g/dl. The results
obtained in our study indicate that all groups
are deficient in hemoglobin.

The hematocrit is a measure of the volume
ratio of red blood cells (erythrocytes) to whole
blood. Based on the percentage, it allows you to
determine the proportion of erythrocytes
compared to other blood cells, such as
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leukocytes and platelets. Both increased and
decreased hematocrit indicate a disorder in the
functioning of the body (www.medonet.pl). Its
elevated level can be the result of diarrhea,
vomiting, excessive sweating, cancer, or
pregnancy. On the other hand, a reduced
hematocrit may indicate anemia caused by iron

deficiency, gastrointestinal bleeding, bone
marrow disorders, or kidney problems
(www.medonet.pl).

Figure 4 presents blood hematocrit values
in women and men with normal and reduced
iron levels.

According to the results obtained in our
study, the highest level of hematocrit was
achieved by men with reduced iron levels
(30.04 £ 0.45 %) compared to the other groups.
Women with normal iron levels ranked second
(29.03 = 0.55 %), followed by men with normal
iron levels (28.77 = 0.49 %) and women with
reduced iron levels (27.83 £+ 0.48 %). Analyzing
the results between women with normal iron
levels and those with reduced iron levels
[(29.03 + 0.55 %) »s. (27.83 + 0.48 %)] we note
that women with normal iron levels have 4 %
higher hematocrit levels (p>0.05). When
checking the results between men with normal
and reduced iron levels [(28.77 + 0.49 %) us.
(30.04 £0.45 %)], we can observe that men with
reduced iron levels have higher hematocrit
levels (by 4 %, p > 0.05).
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Fig. 4. Blood hematocrit values in women and men with normal and low iron levels.

@ — statistically significant changes between the means
in the groups of women and men with reduced iron levels

Comparing the hematocrit levels obtained
in the group of women and men with normal
iron levels, higher results were noted in women
(by 0.9 %, p > 0.05). On the other hand, in the
group of men with reduced iron levels, a
statistically significant difference was found in
the values obtained in women with reduced iron
levels (by 7 %, p < 0.05) (Fig. 4). The hematocrit
reference values for women and men are
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41-55 %. The normal hematocrit for an adult
woman is in the range of 37 to 47 %, while for
an adult man - 40 to 50 %. The results obtained
in all of the studied groups are below the
reference values.

The figure 5 shows the values of the mean
red blood cell volume (MCV) in the groups of
men and women with normal and low iron
levels.

MCV ok
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75
Women

ONormal iron levels in plasma

Men

B Reduced iron levels in plasma

Fig. 5. Mean corpuscular volume (MCYV) of erythrocytes
in women and men with normal and low iron levels.

* — statistically significant changes between the means in the groups of women with normal and

reduced iron levels;

** — statistically significant changes between the means in the groups of men with normal and reduced

iron levels;

(@ — statistically significant changes between the means in the groups of women and men with reduced

iron levels
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The mean red blood cell volume (MCV)
data obtained in our studies, starting with the
highest value, are as follows: men with normal
iron levels (96.95 + 191 fL), women with
normal iron levels (94.30 = 1.42 fL), men with
reduced iron levels (89.94 + 1.04 fL), women
with reduced iron levels (86.29 + 1.10 fL.). When
analyzing a group of women, we can suggest
that women with normal iron levels have higher
MCV values compared to the group of women
with reduced iron levels (by 9 %), and these
changes are statistically significant between the
mean in these groups (p < 0.05). In the case of
groups of men, men with normal iron levels
showed higher MCV values than men with
reduced iron levels (by 7 %) and these changes
are statistically significant (p < 0.05).
Comparing the mean values of MCV among
groups of women and men with normal iron
levels [(94.30 + 1.42 fL) vs. (96.95 + 1.91 fL))], we
noted a difference in the results of 2 % (p >
0.05). However, the situation is slightly different
when comparing groups of men and women
with reduced iron levels [(89.94 £ 1.04 fL) us.
(86.29 = 1.10 fL)] because the difference in
resultsis 4 % (p < 0.05) in men with the reduced
iron levels (Fig. 5). Reference MCV values are in
the range of 82-92 fL. Our research has shown
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that the MCV values in the groups of women and
men with reduced iron levels are within the
norm, while in the group of women and men
with normal iron levels, the MCV values are
above the norm.

MCH is the average mass of hemoglobin in
an erythrocyte and is not dependent on age and
gender, while the test result may be affected by
pregnancy or menstruation. Both elevated and
decreased MCH results most often indicate
anemia. Changes in MCH values may be
indicative of serious pathological conditions.
Elevated levels of MCH can be associated with
many comorbidities. It mainly occurs when
there is hyperchromic or megaloblastic anemia
(macrocytic anemia resulting from abnormal
DNA synthesis, vitamin Biz, or folic acid
deficiency) and in the case of liver cirrhosis. A
reduced MCH value is called microcytosis and
occurs in the case of water and electrolyte
disorders, hypochromic anemia due to iron
deficiency, cancer-induced anemia, anemia in
chronic disease states, and as a result of a large
of blood loss (Yamaguchi et al., 2022).

The mean corpuscular hemoglobin (MCH)
in the groups of women and men with normal
and reduced iron levels is presented in Figure 6.

Women

ONormal iron levels in plasma

Men

BReduced iron levels in plasma

Fig. 6. The mean corpuscular hemoglobin (MCH)
in the groups of women and men with normal and reduced iron levels.

* — statistically significant changes between the means in the groups of women with normal

and reduced iron levels;

** — statistically significant changes between the means in the groups of men with normal

and reduced iron levels;

@ - statistically significant changes between the means in the groups of women and men

with reduced iron levels
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The results of our research showed
that the highest MCH value was recorded in
the group of men with normal iron levels
(32.36 + 0.71 pg). A high value of MCH was
noted in the group of women with normal iron
levels (31.29 +0.51 pg), and slightly lower
values were obtained in men with reduced iron
levels (29.03 = 0.42 pg). The lower MCH value
was observed in the women with reduced iron
levels (27.53 £ 0.46 pg). In the blood of women
with normal iron levels, the MCH was higher
than in women with reduced iron levels
(by 13 %, p < 0.05). Similarly, in the group of
men with normal iron levels, the MCH value was
higher than in men with reduced iron levels
(by 11 %, p <0.05). Taking into account the
group of women and the group of men with
normal iron levels, we observe a higher level of
MCH in the group of men (by 3 %, p > 0.05).
Analyzing the MCH values in the groups of
women and men with reduced iron levels
[(27.53 = 0.46 pg) »s. (29.03 = 0.42 pg)], we
observe a higher MCH value in men (by 5 %,
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p <0.05) (Fig. 6). Reference values of MCH are
in the range of 27-32 pg in both sexes. The MCH
within the reference values was recorded in the
groups of women with normal iron levels and in
women with reduced iron levels, as well as in
men with reduced iron levels. Only the group of
men with normal iron levels had the MCH more
than the reference values.

The mean corpuscular hemoglobin con-
centration (MCHC) is the average concentration
of hemoglobin in the erythrocyte and is one of
the indicators of the red blood cell system. Its
reduced value in erythrocytes is often found in
patients with anemia, mainly the one caused by
iron deficiency. Elevated MCHC value, on the
other hand, accompanies the abnormal
structure of red blood cells in congenital
spherocytosis (Cascio and DeLoughery, 2017).

The MCHC value in the groups of women
and men with normal and reduced iron levels is
presented in Figure 7.

MCHC
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Fig. 7. The mean corpuscular hemoglobin concentration (MCHC)
in the groups of women and men with normal and reduced iron levels.

* — statistically significant changes between the means in the groups of women with normal

and reduced iron levels;

** — statistically significant changes between the mean in the groups of men with normal and

reduced iron levels

As shown by the results of studies
conducted in groups of women and men with
normal and reduced iron levels, the highest
MCHC value was recorded in men with normal
iron levels (33.36 £+ 0.24 g/dl), a slightly lower
value was recorded in women with normal iron
levels (33.08 £ 0.20 g/dl). Men with reduced
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iron levels had a mean corpuscular hemoglobin
concentration of (32.17 * 0.16 g/dl), and the
lowest value was recorded in women with
reduced iron levels (31.78+0.18g/dl).
Analyzing the MCHC values in the groups of
women with normal iron levels and women
with reduced iron levels, it was noticed that
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women with normal iron achieved a 4 %
(p < 0.05) higher MCHC value. Similarly, in the
group of men, a higher MCHC value was
recorded in the group of men with normal iron
levels compared to men with reduced iron
levels, and these changes were statistically
significant (by 3 % p <0.05). Comparing the
groups with normal iron levels, there was a
similar level of MCHC values in the groups of
women and men. The MCHC values recorded in
the groups of women and men with reduced
iron levels were higher in the group of men by 1
% (p > 0.05) compared to the group of women
with reduced iron levels (Fig. 7). The MCHC
reference values in an adult should be between
31 and 38g/dL. The mean corpuscular
hemoglobin concentration in the groups of
women and men with normal and reduced iron
levels was in reference levels in each group.
The red cell distribution width (RDW) test
measures variation in red blood cell size or red
blood cell volume as a part of a complete blood
count (CBC). It is used along with other
erythrocyte indices, especially mean corpus-
cular volume (MCV), to help determine the
causes of anemia. RDW is an indicator
expressed as a percentage. It is a coefficient of
variability of the volume distribution of
erythrocytes present in the blood. RDW is
elevated in accordance with variation in red cell
size (anisocytosis); that is, when elevated RDW
is reported on complete blood count, marked
anisocytosis (increased variation in red cell
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size) is expected on peripheral blood smear
review. Increased RDW values are observed in
anemias with a change in the size of
erythrocytes, mainly in microcytic anemia
caused by iron deficiency and macrocytic
anemia associated with vitamin B12 deficiency.
An elevated RDW may also indicate poikilo-
cytosis, i.e. the presence of deformed blood cells
(sickle-shaped, disc-shaped, spherocytes,
acanthocytes, etc.) (Salvagno etal., 2015).

Over the past few decades, RDW with
mean corpuscular volume (MCV) has been used
to identify quite a few hematological system
diseases including iron-deficiency anemia and
bone marrow dysfunction. In recent years,
many clinical studies have proved that the
alterations of RDW levels may be associated
with the incidence and prognosis of many
cardiovascular and cerebrovascular diseases
(CVDs). Therefore, early detection and
intervention in time for these vascular diseases
are critical for delaying their progression. RDW
as a new predictive marker and an independent
risk factor plays a significant role in assessing
the severity and progression of CVDs. However,
the mechanisms of the association between
RDW and the prognosis of CVDs remain unclear
(Lietal, 2017).

Figure 8 presents the red cell distribution
width (RDW) in groups of women and men with
normal and reduced iron levels.

RDW-CV%

14
Women

ONormal iron levels in plasma

Men

BReduced iron levels in plasma

Fig. 8. The red cell distribution width (RDW)
in groups of women and men with normal and reduced iron levels
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As our results showed, the highest
percentage of RDW was found in the group of
men with reduced iron levels (17.34 + 0.73 %)
and the group of women with reduced iron
levels (17.33 £ 0.63 %). Slightly lower values
were noted in the group of men with normal
iron levels (16.20 + 0.69 %) and in the group of
women with normal iron levels (15.98 * 0.52 %)).
When analyzing the RDW values in the groups
of women with normal iron levels and women
with reduced iron levels, we noted a higher
percentage of RDW in the group of women with
reduced iron levels (by 8 %, p > 0.05). Similarly,
in the group of men, men with reduced iron
levels have a higher red cell distribution width
than men with normal iron levels (by 7 %,
p > 0.05). Analyzing the situation between the
groups of women and men with normal iron
levels, a higher RDW value can be observed in
the group of men (by 1 %, p > 0.05), while in the
groups of women and men with reduced iron
levels, the obtained values were almost identical
(the difference in the results was higher in men
by 0.05 %, p > 0.05) (Fig. 8). The reference range
for RDW is 11.5-14.5 % in adults. As the results
of our research show, in each group, RDW
values were higher than the reference values.

Low MCV, MCH, and MCHC reflect
advanced iron-limited erythropoiesis in the
bone marrow, and the pattern of microcytic and
hypochromic anemia is typical of the laboratory
findings of iron deficient anemia (IDA)
(Camaschella and Pagani, 2011). An increase in
RDW is another indicator of IDA, but this
parameter is also elevated in megaloblastic
anemia (Briggs, 2009; Tkaczyszyn et al., 2018).
In the study of Tkaczyszyn and co-workers
(2018), including a large international cohort of
patients with heart failure, these researchers
have shown that although hemoglobin
concentration and certain erythrocyte indices
(MCV, MCH, MCHC, CHR, and RDW) are closely
correlated with various iron parameters
(presence of iron deficiency, serum iron, serum
ferritin, and transferrin saturation) indepen-
dently of other clinical and laboratory variables
(including the etiology and severity of heart
failure and important comorbidities), iron
deficiency is also common comorbidity in
patients without any hematological abnorma-
lities. It should be emphasized that even in non-
anemic [as defined by the World Health
Organization (WHO)] patients with MCV, MCH,
and MCHC above the lower limit of normal, the
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prevalence of iron deficiency reached 36 %
(Tkaczyszyn et al., 2018).

Erythrocyte mean cell volume (MCV) is
used clinically to classify anemia, and normal
values may be used to exclude iron deficiency.
Asberg and co-workers (2014) have studied the
diagnostic accuracy of mean cell volume (MCV)
and the related measures of mean cell
hemoglobin (MCH) and mean cell hemoglobin
concentration (MCHC) in diagnosing empty iron
stores in children and young adults. The
diagnostic accuracy of MCV, MCH, and MCHC
was studied by ROC curve analysis in 6443
ambulant patients aged 0.5-25 years, of which
476 were anemic. In all patients, blood
hemoglobin, MCV, MCH, and serum ferritin were
measured in specimens sampled at the same
time. MCHC was calculated as MCH divided by
MCV. The gold standard of empty iron stores
was s-ferritin <10, 15, or 20 pg/L. The cutoff
limit of MCV giving 90 % sensitivity in diag-
nosing serum ferritin <15 pg/L was constructed
using quantile regression. Generally, MCH was
slightly more accurate than MCV and MCHC. In
the whole study population, the area under the
ROC curve was 0.68-0.93 for MCV, 0.73-0.96 for
MCH, 0.68-0.87 for MCHC; and 0.70-0.86, 0.71-
0.89, and 0.68-0.88, respectively, in the anemic
subpopulation. At the cutoff limits of MCV giving
a sensitivity of 90 % at all ages in anemic
patients, the specificity was about 50 %. Mean
cell hemoglobin, MCH, and MCHC are only
moderately accurate in diagnosing empty iron
stores in children and young adults, and normal
values of these tests do not exclude empty iron
stores in anemic patients (Asberg et al., 2014).

The sensitivity and nonspecificity of
parameters for the detection of iron deficiency:
mean corpuscular volume (MCV); mean corpus-
cular hemoglobin (MCH); serum iron (SI); total
iron binding capacity (TIBC); transferrin satura-
tion (TS); free erythrocyte protoporphyrin
(Epp) and serum ferritin (SF) were studied by
Piedras and co-workers (1981) in 78 children
from 0.2-3.9 years old and in 165 mothers. MCH
seems to be a sensible and specific screening
test for detecting possible cases of iron
deficiency. The best tests to establish the
deficiency appear to be transferrin saturation of
free erythrocyte protoporphyrin tests in
children, and transferrin saturation plus serum
ferritin in mothers (Piedras et al, 1981).
Abnormal values of MCH + MCV or MCV alone
established a high probability of identifying
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infants with normal iron stores. Simultaneous
alteration of MCH and MCV had similar
specificity and predictive positive values in the
study of iron storage in infants (Baptista-
Gonzalez et al, 1993). Zhan and co-workers
(2020) have explored the predictive values of
routine blood test results for iron deficiency
(ID) screening in children. These researchers
demonstrated that MCV, RDW, and MCHC can be
used to screen ID in primary healthcare settings.

The diagnostic usefulness in iron
deficiency anemia of serum ferritin, red cell
protoporphyrin (Epp), mean corpuscular
volume, mean corpuscular hemoglobin (MCH),
and transferrin saturation measurements has
been studied by Hershko and co-workers
(1981) in a population of 294 children aged 1 to
6 years. The Pearson correlation coefficient for
hemoglobin was highest with MCH, followed in
decreasing order of magnitude by MCV, Epp,
transferrin saturation, and finally by ferritin.
Sensitivity and specificity were highest for MCH
and lowest for ferritin. Of anemic, iron deficient
individuals 97 to 100 % could be identified by
low MCH, 88 to 100 % by transferrin saturation,
66 to 83 % by ferritin, and 61 to 74 % by Epp. In
contrast, only 0 to 6 % of normal, nonanemic
individuals had low MCH, 0 to 4 % had high Epp,
but 21 to 39 % had low transferrin saturation
and 25 to 39 % had low ferritin. Although
reduced serum ferritin in anemic individuals is
good evidence of iron deficiency, a significant
proportion of anemic iron-deficient patients is
missed by this procedure rendering it less
useful than other, less expensive laboratory
methods (Hershko et al., 1981).

Kai and co-workers (2021) compared the
diagnostic values of red blood cell distribution
width-coefficient of variation (RDW-CV) and
red blood cell distribution width-standard
deviation (RDW-SD) in mid-pregnancy women
with iron deficiency anemia (IDA). To obtain the
results, 115 mid-pregnancy women with IDA,
defined as the IDA group, and 142 healthy mid-
pregnancy women, selected as the control
group, were enrolled in this study. Hemato-
logical parameters and ferritin concentrations
in the serum were analyzed. The efficiency of
RDW-CV and RDW-SD to distinguish IDA from
mid-pregnancy women was evaluated using
receiver operating characteristic (ROC) curves.
The RDW-SD value in the IDA group was
significantly higher than that in the control
group (p < 0.05), while the RDW-CV value did
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not differ between them (p = 0.84). Significantly
negative correlations were found between
RDW-CV (r=-0.297, p=0.001), RDW-SD
(r=-0.404, p = 0.000), and serum ferritin in the
IDA group but not in the control group. For the
diagnosis of IDA, RDW-CV and RDW-SD
produced areas under the ROC curves of 0.58
and 0.84. To conclude, our results suggest that
RDW-SD, but not RDW-CV, can be used as a
diagnostic index of IDA for mid-pregnancy
women (Kai etal.,, 2021).

In the diagnosis of mild and moderate iron
deficiency anemia, RDW had a higher sensitivity
than peripheral smear (PS). Red cell morpho-
logy, Hb, PCV, and RDW showed significant
improvement after iron therapy. In the study of
Viswanath and co-workers (2001), children in
the age group of six months to five years with
microcytic (MCV < 80fl) anemia (Hemoglobin
<11g%) were evaluated. Those who had
received a blood transfusion and /or were
already on iron therapy were excluded. The
evaluation included clinical examination,
complete blood count (CBC), RDW estimation
microscopic examination of peripheral smear,
measurement of serum iron, and transferrin
saturation. Children with IDA were treated with
oral iron for 8 weeks and PS, CBC including RDW
were repeated. Of the 100 children evaluated,
89 had IDA. 48 % had mild, 42 % had moderate
and 10% had severe anemia. Transferrin
saturation correlated with the severity of
anemia. Peripheral smear showed microcytosis
and hypochromia in all cases with severe
anemia, 61.5% and 22.5% of those with
moderate and mild anemia respectively. RDW
was suggestive of iron deficiency in 100 %,
82.05%, and 100 % of patients with mild,
moderate, and severe anemia respectively
(Viswanath et al., 2001).

Red cell volume distribution width (RDW-
CV) was examined in the study of Uchida (1989)
as a means of diagnosing iron deficiency. Iron
deficiency was classified as iron deficiency
anemia, prelatent or latent iron deficiency in
1648 students. MCV and RDW-CV (mean * ISD)
in each group were (89 * 4) fl, 12.7 + 0.7 % in
normal individuals, (89 * 4) fl, (13.2 + 0.8) % in
prelatent deficiency, (86 £ 6) fl, (14.0 + 1.5) % in
latent deficiency, and (79 + 7) fl, (15.6 £ 1.7) %
in iron deficiency anemia, respectively.
Although microcytosis was evident only in iron
deficiency anaemia, RDW-CV showed larger
values concomitant with the development of
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iron deficiency. The sensitivity of RDW-CV for
the diagnosis of iron deficiency anemia was
77.1 %, and for iron deficiency anemia and
latent deficiency 49.2 %, the specificity is 90.6
%. In countries with a high prevalence of iron
deficiency and low thalassaemia, iron deficiency
should be screened by RDW-CV determination
without serum iron or ferritin measurements
(Uchida, 1989).

RDW has limited specificity for the diag-
nosis of IDA among children with microcytic
hypochromic anemia. Aulakh and co-workers
(2009) studied the utility of red cell distribution
width (RDW) in the diagnosis of iron deficiency
among children with microcytic hypochromic
anemia. 151 children (6 months - 12 years) with
microcytic (MCV < 75 fl) anemia were classified
into iron deficient (IDA) and non-iron deficient
anemia (non-IDA) on the basis of serum ferritin
and total iron binding capacity (TIBC). RDW
values were obtained on an automated
hematology analyzer. Receiver operator curves
(ROC) were constructed and the utility of RDW
in the diagnosis of iron deficiency was studied.
The mean RDW value was (18.37 £2.22) %
inIDA group (97 children) compared to
(16.55+1.51)% in the non-IDA group
(54 children) (p<0.0001, unpaired t test).
InIDA group, the mean RDW value was
(16.60 £ 1.78) %, (17.95+1.91)% and
(20.55 +1.32) % among mild, moderate and
severely anemic children (p < 0.0001, ANOVA
test). The corresponding values in non-IDA
group were (16.03 + 1.25) %, (16.76 £ 1.20) %
and (16.77 * 2.68) % respectively (p =0.269,
ANOVA test). At a cut-off value of 17.4 %, as
obtained from the ROC curve, the sensitivity and
specificity of RDW in the diagnosis of IDA were
81.0 % and 53.4 %, and a positive and negative
predictive value of 63.0% and 72.2%
respectively (Aulakh et al., 2009).

Red cell distribution width (RDW) is an
automated laboratory determination of red cell
anisocytosis. Buch and co-workers (2011)
analyzed the role of RDW in differentiating iron
deficiency anemia (IDA) from thalassaemia
traits. There were 500 patients who were
screened for the study. The selection criteria of
microcytic anemia were Hb < 13 g/dl in males,
Hb < 12 g/dl in females with mean corpuscular
volume (MCV)<80 fl. These cases were
subjected to complete iron profile and
hemoglobin chromatography for a definite
diagnosis. The values of RDW were analyzed in
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all these cases to see the utility of RDW in
classifying microcytic anemia; especially
differentiating iron deficiency anemia from
thalassaemia minor cases. There were 133 out
of 500 cases of anemia; 105/133 cases had
microcytic anemia, of which 53 had iron
deficiency anemia, 39 were thalassaemia traits,
6 were thalassaemia major, and 7 had other
hemoglobinopathies. Thirty-six cases (67.92 %)
out of 53 iron deficiency anemia had increased
RDW, 32.08% (n=17) had normal RDW;
71.79 % (n=28) of thalassaemia trait had
increased RDW, 28.21 % (n = 11) had normal
RDW. Evaluation of RDW as a screening test to
detect microcytic anemia had a sensitivity of
71.42 % and specificity of 40 %, Evaluation of
RDW as a screening test for IDA had a sensitivity
of 67.9 % and specificity of 25 %. It was found
uniform increase in RDW in all cases of
microcytosis. It is concluded that RDW adds
useful but limited information in classifying
microcytic anaemia (Buch et al.,, 2011).

Early detection of iron deficiency (ID) and
iron deficiency anemia (IDA) in young children
is important to prevent impaired neuro-
development. Unfortunately, many biomarkers
of ID are influenced by infection, thus limiting
their usefulness. Akkermans and co-workers
(2015) investigated the value of red blood cell
distribution width (RDW) and the platelet count
for detecting IDA among otherwise healthy
children. A multicenter prospective observational
study was conducted in the Netherlands to
investigate the prevalence of IDA in 400 healthy
children aged 0.5-3 years. ID was defined as
serum ferritin (SF) <12 pg/L in the absence of
infection (C-reactive protein [CRP] <5 mg/L)
and IDA as hemoglobin <110 g/L combined with
ID. RDW (%) and the platelet count were
determined in the complete blood cell count.
RDW was inversely correlated with SF and not
associated with CRP. Calculated cutoff values for
RDW to detect ID and IDA gave a relatively low
sensitivity (53.1 % and 57.1 %, respectively)
and specificity (64.7 % and 69.9 %, respectively).
Anemic children with an RDW >14.3% had a
2.7 higher odds (95 % confidence interval [CI]:
1.2-6.3) to be iron deficient, compared with
anemic children with an RDW <14.3 %. The
platelet count showed a large range in both ID
and non-ID children. In conclusion, RDW can be
helpful for identifying ID as the cause of anemia
in 0.5- to 3-year-old children, but not as a
primary biomarker of ID(A). RDW values are
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not influenced by the presence of infection.
There appears to be no role in the platelet count
in diagnosing ID(A) in this group of children
(Akkermans et al., 2015).

Conclusions

Erythrocyte indices analyzed in the blood
of women with reduced iron levels compared to
women with normal iron levels constituting the
control group showed reduced values of
hemoglobin, hematocrit, MCV, MCH, and MCHC.
Increased values of RDW and the count of
erythrocytes in the blood of women with
reduced iron levels compared to the control
group of women were noted. Similarly, when
comparing the values of erythrocyte indices
obtained in the group of men with reduced iron

MCHC were demonstrated. However, the values
of the count of erythrocytes, RDW, hematocrit,
and hemoglobin levels were elevated compared
to the control group.

The reverse trend in erythrocyte indices
such as hemoglobin and hematocrit indices
between the group of women and the group of
men with reduced iron levels was observed.
Comparing the obtained values with the
reference values, it was noted that the reduced
values of the count of erythrocytes, and the level
of hemoglobin and hematocrit were obtained in
all study groups. An increased MCV value
compared to the reference values was noted in
the group of women and men with normal iron
levels. Men with normal iron levels had elevated
MCH values. In all studied groups, an increased

level of RDW was noted compared to reference
values.

levels to the control group of men with normal
iron levels, reduced values of MCH, MCV, and
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