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ABSTRACT

Background: There are scientific evidence confirmed specific changes in blood cell counts, reducing the efficacy and
feasibly the safeness of blood transmission when storing blood at 4°C for 5 weeks or more.

Objectives: The study aimed to investigate the effects of stored blood obtained from healthy subjects and patients with
anemia due to iron deficiency and beta-thalassemia, on hematological indices.

Materials and Methods: A total of 37 participants, consisting of 14 healthy subjects, 13 patients with iron-deficiency
anemia, and 10 patients with beta-thalassemia minor, were recruited from Hiwa Hospital between November 2021 and
July 2022. Blood samples were obtained from the participants and stored at 4°C for 5 weeks. Hematological indices,
including red cell distribution, platelet distribution width, and mean platelet volume, were determined using a hematology
analyzer at weekly intervals.

Results: Blood storage caused significantly increased mean values of hematological indices among healthy subjects as
well as among patients with iron-deficiency anemia and beta-thalassemia, although the pattern of changes was differed.

Conclusions: The storage of whole blood significantly increased hematological indices, showing variations in both healthy
subjects and patients with iron-deficiency anemia and beta-thalassemia. The pattern of raise in these hematological indices

is specific to iron-deficiency anemia and thalassemia when compared with healthy subjects.

Index Terms: Blood Storage, Iron-deficiency Anemia, Thalassemia, Hematological Indices

1. INTRODUCTION

Blood preservation at 4°C for a few weeks may compromise

the safety and efficacy of the stored blood as a therapeutic
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intervention for managing patients experiencing blood loss,
as blood platelets maintain their functionality when stored in
whole blood at 4°C for up to 15 days [1]. Similarly, a separate
investigation revealed that the aggregation capacity of blood
platelets remains unaffected when the entire blood is stored
at 20°C for up to 21 days [2]. Utilizing filtration before storage
led to a reduction in white blood cells and the preservation
of blood platelet function by eliminating bioactive substances
derived from white cells [3]. The storage of whole blood from
individuals with sickle cell anemia for 5 weeks resulted in a
noteworthy increase in the lymphocyte-to-neutrophil ratio [4].
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Furthermore, while blood storage does not significantly alter
the deformability index of red cells, it does bring about a
significant change in red distribution width [5]. In terms of
cell counts, non-leukoreduction blood storage for 5 weeks
at 4 £ 2°C significantly decreased white cell and platelet
counts, elevated echinocytes, and maintained an unchanged
lymphocyte count during storage [6]. Various hematological
indices, such as red distribution width, mean platelet volume,
platelet distribution width, neutrophil-to-lymphocyte ratio,
and platelet-to-lymphocyte ratio, serve as biomarkers
for diverse medical conditions, including inflammation,
cardiovascular events, and chronic diseases like diabetes
mellitus [7], [8], [9], [10]. Transfusion of 7-day stored blood
in transfusion-dependent thalassemic patients associated with
an increase in hematological and biochemical markers related
to RBC lysis and inflammation [11]. Consequently, exploring
the impact of blood storage derived from healthy individuals,
as well as those with anemia due to iron deficiency or beta-
thalassemia, on these hematological indices is the main goal
for the current study.

2. MATERIALS AND METHODS

The current work was carried out in the Department of
Pharmacy at the Technical Institute of Sulaimani, Sulaimani
Polytechnic University, Kurdistan Region of Iraq. Participants
were recruited from Hiwa Hospital in Sulaimani, from
November 2021 to July 2022. Inclusion criteria comprised
individuals diagnosed with iron-deficiency anemia, those with
beta-thalassemia minor, and healthy subjects who designated
as negative controls. A total of 14 healthy subjects (median
age 34 years), 13 patients with iron-deficiency anemia
(median age 37 years), and 10 patients with beta-thalassemia
(median age 31 years) were included in the study. Exclusion
criteria encompassed individuals who had received a blood
transfusion within 4 weeks of the study, those employing
non-steroidal and steroidal anti-inflammatory agents,
anabolic drugs, pregnant, and breast-feeding women. Iron-
deficiency anemia diagnosis was confirmed by a hemoglobin
level <12 g/dL, serum ferritin <30 ng/ml, and the presence
of microcytic hypochromic red cells with anisocytosis and
poikilocytosis. Beta-thalassemia patients were diagnosed
through hemoglobin electrophoresis, revealing low
hemoglobin A and elevated percentages of HbA2 and HbE,
with hospital attendance for investigation.

Approximately 15 ml of fresh blood were drawn through

venipuncture from each participant and distributed into six
tubes containing anticoagulant (ethylenediaminetetraacetic
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acid). The samples wete stored at 4°C for 5 wecks for the
determination of hematological indices on a weekly basis, in
addition to baseline data. The hematological indices, including
mean red cell width distribution, mean platelet volume, and
platelet width distribution, were measured using Beckman
Coulter hematology analyzer (United State).

2.1. Statistical Analysis

The results are expressed as a number, median, and mean *
standard deviation (SD). The data were analyzed by one-way
analysis of variance (ANOVA) using SPSS version 22 (IBM-
compatible). P-value < 0.05 is a cut-off value of significant
difference.

3. RESULTS

Table 1 illustrates significant alteration of the hematological
indices that occurred after whole blood stored at 4°C for
35 days. From the current study, a significant increase of
the RDW from the 2™ week to the 5" week as well as a
significant fluctuation of PDW from the 1* to the 5" week
were observed, while the platelet indices started from the
1 week to the 4™ weeks, and retained non-significantly
differed from the pre-storage values [Table 1].

It was observed that there were no significant changes in
(RDW) and (MPV) following the storage of whole blood at
4°C for 35 days among patients with iron-deficiency anemia.
However, a significant elevation was observed in platelet
distribution width (PDW) from the 1* to the 5" week. Non-
significant changes were noticed in RDW and MPV during
various periods of whole blood storage [Table 2].

Significant elevation was recorded in the RDW value after
storing the whole blood for beta-thalassemia patients at
4°C during the 2™ and the 3" weeks of storage. Similarly,
significant increase in the PDW and MPV from 1* to 5" week
of whole blood storaged at 4°C. Non-significant increment
of the PDW was observed only after 2 weeks of storage
[Table 3].

It was noticed that the mean plot from RDW of beta-
thalassemia patients is approximately similar to that of
healthy subjects, while the mean plot of patients with
iron-deficiency anemia showed a bimodal increment in
RDW [Fig. la-c].

It was reported that the mean plots of PDW from iron-
deficiency anemia patients and beta-thalassemia patients were
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TABLE 1: Effect of whole blood storage on the hematological indices in the healthy subjects (n=14)

Storage RDW P-value compared PDW P-value compared MPV P-value compared
duration with pre-storage with pre-storage with pre-storage
Pre-storage 13.24£0.70 12.5+1.9 10.3+0.84

Week 1 13.310.82 1.000 15.942.82 0.049 11.941.12 0.002

Week 2 15.8+1.33 <0.001 17.4+3.08 <0.001 12.1+1.16 <0.001

Week 3 17.1+£0.96 <0.001 16.6+3.43 0.006 11.8+1.05 0.003

Week 4 17.3+0.95 <0.001 16.0+3.04 0.033 11.5+0.89 0.037

Week 5 16.9+0.89 <0.001 14.8+3.20 0.591 11.0+1.05 1.000

P value <0.001 0.001 0.001

F value 54.43 4.781 5.966

The results are expressed as mean+SD. P value was calculated using one-way ANOVA. Comparison between pre-storage and post-storage blood was done by post hoc Bonferroni
test.
RDW: red distribution width, PDW: platelet distribution width, MPV: mean platelet volume

TABLE 2. Effect of whole blood storage on the hematological indices in patients with iron-deficiency
anemia (n=13)

Storage RDW P-value compared PDW P-value compared MPV P-value compared
duration with pre-storage with pre-storage with pre-storage
Pre-storage 15.9£3.45 9.9+1.93 9.0+1.13

Week 1 16.4+3.69 1.000 13.7+£1.84 <0.001 12.9+5.36 1.000

Week 2 17.9+£3.47 1.000 13.3+£2.58 0.001 10.8£1.19 1.000

Week 3 17.7+£3.51 1.000 14.3+2.01 <0.001 18.6+27.8 0.575

Week 4 18.1£3.01 1.000 15.4+£1.92 <0.001 11.4+0.67 1.000

Week 5 17.6+£3.10 1.000 13.8+1.88 <0.001 10.7+0.82 1.000

P value 0.514 <0.001 0.373

F value 0.857 10.541 1.090

The results are expressed as mean+SD. P value was calculated using one-way ANOVA. Comparison between pre-storage and post-storage blood was done by post hoc Bonferroni
test.
RDW: red distribution width, PDW: platelet distribution width, MPV: mean platelet volume

TABLE 3. Effect of whole blood storage on the hematological indices in patients with thalassemia
hereditary anemia (n=10)

Storage RDW P-value compared PDW P-value compared MPV P-value compared
duration with pre-storage with pre-storage with pre-storage
Pre-storage 17.0+3.20 11.0+£0.89 9.0+0.94

Week 1 19.6+£2.70 1.000 16.1+£1.51 0.006 12.0£0.44 <0.001
Week 2 21.5+3.88 0.087 14.0+£0.94 0.404 11.7+0.34 <0.001
Week 3 22.3+4.18 0.020 18.1+4.58 <0.001 12.2+1.17 <0.001
Week 4 22.0+3.62 0.037 15.3+4.33 0.037 11.4+0.90 <0.001
Week 5 21.5+£3.50 0.095 15.6+3.14 0.016 11.3+0.80 <0.001

P value 0.011 <0.001 <0.001

F value 3.30 6.233 20.193

The results are expressed as mean+SD. P value was calculated using one-way ANOVA. Comparison between pre-storage and post-storage blood was done by post hoc Bonferroni
test.
RDW: red distribution width, PDW: platelet distribution width, MPV: mean platelet volume

approximately similar, whereas they were differed from the  beta-thalassemia were differed from the corresponding plot
corresponding plot of healthy subjects [Fig. 2a-c]. of healthy subjects [Fig. 3a-c].

It was concluded that the mean plot of MPV of beta-

thalassemia patients has a peak value of MPV increment 4. DISCUSSION

after 3 weeks of whole blood storage of, which was similar

to the corresponding plot of iron-deficiency anemia. The The results of this study highlighted important findings,
plots of MPV of patients with iron-deficiency anemia and  including the effects of whole blood storage on the
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Fig. 1. The mean plot of the red distribution width (coefficient variation %) after storing whole blood, obtained from health subjects (above),
patients with iron-deficiency anemia (middle), and patients with thalassemia hereditary anemia, at 4°C for 5 weeks.
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Fig. 2. The mean plot of the platelet distribution width (%) after storing whole blood, obtained from health subjects (above), patients with iron-
deficiency anemia (middle), and patients with thalassemia hereditary anemia, at 4°C for 5 weeks.

hematological indices extended to red cell diseases, in
addition to the duration of the storage. The baseline
mean value of RDW of healthy subjects was less than
the corresponding means of iron-deficiency anemia and
beta-thalassemia patients. This finding agreed with the
results reported by Aulakh et al. in 2009 who observed that
the mean £ SD of RDW among iron-deficiency anemia
was 18.37 + 2.22% compared with 16.55 * 1.51% of the
interrelated value of healthiness [12]. The differences
between the mean values of iron-deficiency anemia and
beta-thalassemia patients were parallel to the results of
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other studies [13]. Patients with iron-deficiency anemia
have a higher mean value of MPV, and there was an inverse
relationship with serum iron level [14]. Storage of the
whole blood at 4°C caused an increase in the mean values
of the RDW, PDW, and MPV among healthy subjects.
Storage temperature played an important role in the RDW,
PDW, and MPV as reported by Daves et al. who found that
storage of the blood samples in different temperatures for
short period showed variability in these parameters [15].
The pathological red cell as with iron-deficiency anemia
and beta-thalassemia exerts an additional effect on the
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Fig. 3. The mean plot of the mean platelet volume (fL) after storing whole blood, obtained from health subjects (above), patients with iron-
deficiency anemia (middle), and patients with thalassemia hereditary anemia, at 4°C for 5 weeks.

changes in the RDW, PDW, and MPYV, which were the
fundamental results of the current study. Low serum
iron and ferritin levels among iron-deficiency anemia can
explain the increment of RDW during storage, as the
microcytic hypochromic red cells tend to show anisocytosis
and changes in the red cell shapes [16], although it does
not explain our results with thalassemia patients whereas
the serum iron is usually high. Red cells of thalassemia
patients were characterized by the presence of a higher
percentage of anisocytosis with greater morphological
alterations, which explained their tendency to have a higher
RDW [17]. Patients with thalassemia showed significantly
higher values of platelet indices whether at pre-storage
or during storage phases due to that the blood platelets
of those patients were in a state of activation, i.e., the
higher rate of changing their shape and size, which
increased by cold temperature [18]. The strength of this
study is involving two clinical conditions characterized by
microcytic anemia: One of them with iron deficiency and
the other with iron overload (thalassemia), which showed
different mean plots, which indicating the iron status plays
arole in the determination of hematological indices values.

In conclusion, the storage of whole blood significantly caused
elevation in the hematological indices with some variations
among healthy subjects and patients with iron-deficiency
anemia as well as beta-thalassemia. Mean plots of RDW;,
PDW, and MPV were specific for iron-deficiency anemia and
thalassemia compared with the healthy subjects.
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