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ABSTRACT 

 
Introduction: 
 
Blood is a vital fluid for human life. Essential needs of all cells and organs of the body 

are provided by blood. Human with all the scientific and technological progresses have 

been so far failed to find a proper alternative for blood.  In fact, blood donation is called 

"life donation". 

However, blood donors are more susceptible to iron deficiency, since in each blood 

donation they will lose between 200 to 250 mg of their iron stores. 

 

Aim of study: 

Iron deficiency is one of the well-known risk factors of blood donation attempts deferral 

worldwide. Hence, aim of this study is to evaluate iron status of blood donors with more 

laboratory examinations. This is investigated to see if iron deficiency can be one of the 

possible reasons for the decrease in statistics of blood donation in the University Hospital 

Dusseldorf.  

 

Materials and methods: 

During this study, randomly 280 volunteer's data inclusive 30 first-time donors and 250 

frequent donors (more than one donation) with equal male to female ratio and average 

age of 34.9 years have been analyzed after receiving statement of University Ethic 

Commission. 

For all donors, complete blood count (CBC) test and special iron tests including serum 

iron, serum ferritin, transferrin and transferrin receptors have been done and relevant 

information was extracted. Evaluation of the data was conducted using with the statistical 

software SPSS (version 20) and R (version 3.0.1).  

 

Results: 

The relationship between serum ferritin level and the number of donations was 

statistically significant (P 0.000). Overall 21.77% (61 of 280) of all donors had iron store 

deficiency (serum ferritin < 15μg/l) including 60 frequent donors and only one first time 



donor. 26% of all donors with more than 5 donations had a latent iron deficiency. A 

significant relationship was observed between ferritin level and donor’s gender (P<0.05). 

Iron store depletion among the female donors occurs about two times more common than 

among the males (28.57% (40) vs. 15% (21). 

 

Conclusion: 

According to the results obtained, as the blood donation count increases, serum ferritin 

level decreases. It is based on international experiences and confirms previous studies on 

the impact of blood donation on depletion of the body iron storage. Iron store deficiency 

can also be one of the reasons for the decrease in the number of blood donation in the 

University Hospital Dusseldorf. That is why donors who are at this stage and do not 

receive iron supplements, can get close to the iron deficiency anemia in the near future. 

Indeed, their hemoglobin level can be lower than the standard value for blood donation. 

Hence, they would not be able to donate blood anymore. The results also indicate the 

need to regulatory monitoring the iron status of voluntary blood donors. 

 

Keywords: Blood donation; Iron deficiency; Iron stores; Ferritin; Hemoglobin; 

Dusseldorf 
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INTRODUCTION 

 

 

 

 

 

 

 

 

 

 

 



1.1. Statement of purpose  

Blood is a fluid connective tissue that flows in the vessels of all human beings. With 

its circulation in the body, it brings passion, vita and life to cells and tissues. The 

pulse of the life beats in the vessels, which blood flowing through them. This red vital 

liquid forms about 7% of human body weight [1]. In other words, blood volume for 

an average 70 kg adult human is about 5 liters [2]. 

Blood is composed of two components of liquid and cellular. The liquid part of blood 

is called plasma. Plasma is make up about 60% of the blood volume where the blood 

cells floating in it. This liquid is composed of mostly water and small amount of 

protein, electrolytes and the rare elements, which are needed for the body. The main 

role of this vital fluid is to provide nutrients needed for cells and disposal of the waste 

products of various cells and tissues. In addition, coagulation factors required for 

blood clotting and the carrier protein of hormones are floating in this part of blood [3]. 

The cellular part of blood forms the rest of blood volume. It is composed of red cells, 

white cells and platelets that are responsible for distribute oxygen to the cells and 

tissues, defending against infectious agents and foreign substances and participation 

in primary blood coagulation, respectively [4]. 

The hematopoietic system in the body is normally responsible for producing the 

blood cells on time and correctly. However, some people require blood replacement 

due to inadequate or ineffective blood production or excessive blood loss. The most 

frequent indications of blood transfusion are in the patients with trauma, surgery, 

obstetric procedures, cancer, chronic diseases of the bone marrow, etc. 

Human with all the scientific and technological progresses have been so far failed to 

find a proper alternative for blood. Therefore, there is no other option for patients to 

receive blood from anywhere else rather than from other people. Hence, blood 

donation is called "life donation ". 

Nowadays, the importance of blood donation is obvious for everybody. If in the past, 

the donated blood rescued only one person, today, with the improvement of 

technology and the separation of blood components and optimizing the usage, a safe 



blood donation contains approximately 500 ml of whole blood can help more than 

three patients. On the other hand, now with the method called apheresis each 

component of blood like erythrocyte, leukocyte, platelet or blood plasma can be 

donated individually. These donated blood products are determined for patients who 

need these components. 

There must be for sure a healthy donor for a healthy donation. Blood donation 

eligibility criteria are determined based on international and regional standards. Every 

country has its own guide. One of the general and common conditions of a safe 

donation in the world is that donors should have sufficient amount of iron in their 

bodies. The importance of the subject is that donor would not be at the risk of iron 

deficiency and the donated blood contains enough iron loads for the patient.  

1.2. Importance of the subject and aim of study 

Maintenance of the blood donation chain requires monitoring and constant care of 

donors. People whom are considered as non-renewable resources of blood donation 

and the heart of patients beats with them donations.  

Monitoring the iron status should be considered with the aspects of continuous 

maintaining of the blood donors and ensuring their health. Since, the only 

disadvantage known as blood donation is the potential risk of iron deficiency. 

Currently, iron deficiency is one of the temporary limiting factors of blood donation 

in the world. If the blood donation will be continued without compensation of the 

wasted iron, it can cause iron depletion, iron store deficiency and in advanced stages 

iron deficiency anemia. This can be presented as low-level hemoglobin in the blood 

donation screening. Consequently, volunteers would not be allowed to donate. This is 

one of the main causes of temporary blood donation deferral, particularly in women.  

In Germany, the blood donation process is set based on the book “Richtlinien zur 

Gewinnung von Blut und Blutbestandteilen und zur Anwendung von Blutprodukten 

(Hämotherapie)” [5]. According to this guideline, minimum hemoglobin of 12.5 g/dl in 

females and 13.5 g/dl in males is the main criteria for screening blood donors. The 

hemoglobin level is determined using a spectrophotometer in capillary blood from 



finger prick. If hemoglobin levels are lower than the cut-off levels in two measurements, 

donors will not be permitted to donate any blood product. 

The blood donation center of the University Hospital Dusseldorf is the main supplier 

of blood products for inpatients, outpatients and surgical and trauma of the hospital. 

In this center, donating the whole blood and platelet with apheresis method is possible. 

Each year, about 12,000 whole blood units and 10,000 platelet units are donated in 

this hospital.  

Unfortunately, in recent years, statistics of whole blood donation in the hospital 

especially for frequent blood donors decreased and no studies have been conducted to 

understand the reasons for this reduction. This problem causes concern about the 

supply of blood and blood products for patients. Hence, the hospitals have been 

forced to order more blood from external producers. 

According to the guideline for blood donation in Germany, several different factors 

can temporarily or permanently prevent blood donation. Iron deficiency is one of the 

known temporary factors to blood donation attempt deferral in the world and clearly 

can decrease blood donation statistics. Therefore, in this study it has been decided to 

evaluate the iron status in one group of blood donors in this hospital. Unfortunately, 

no information about the iron status of donors, particularly, frequent donors are 

available. 

The aim of this study is to evaluate iron status, particularly body iron stores with 

more laboratory examinations. It is concerned to know if iron deficiency can be one 

of the possible reasons for the decrease in statistics of blood donation in the 

University Hospital Dusseldorf. 
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2.1. The importance of iron 
 
Iron is one of the required essential trace elements for all organisms, especially, human 

beings [6]. This element plays an important role for human health and cells function in 

the body. The most important role of iron is the help to produce hemoglobin, which 

carries oxygen from lungs to the cells [6, 7]. Besides, by taking part in immune system, it 

helps the body to protect from foreign invasive pathogens [8]. In addition, it exists in 

many energy producer enzymes, such as catalases, peroxidases and cytochrome enzymes 

[9, 10, 11]. Being one of the most abundant metals in the human body, iron plays 

important roles in cellular process such as the synthesis of DNA, RNA, and proteins, 

electron transport,  cellular respiration,  cell proliferation and differentiation; and 

regulation of gene expression [12, 13,14]. Indeed, nervous system needs iron for its 

development and to myelin formation [15, 16, 17, 18, 19]. Therefore, body cells require 

ongoing iron-rich foods to maintain their vital functions [7]. 

 

2.2. Iron in body 
 
The amount of iron in body is written differently in various references. Sometimes this 

amount is mention as a general value, for instance, from 3000 to 4000 mg for men and 

from 2000 to 3000 mg for women [20]. In some references, it is calculated based on the 

body weight, like: 35 and 45 mg/kg for women and men, respectively [21, 22, 23]. 

Because of the major role of iron in hemoglobin structure, the most amount of the total 

body iron (between 60 to 70%) for building hemoglobin is used in a process called 

erythropoiesis. For a healthy person, between 20 to 30 % of the surplus iron (0 to 2 g) is 

stored as iron in the form of ferritin and hemosiderin in liver and reticuloendothelial 

macrophages [10]. In addition, up to 10% of iron can be founded in other iron containing 

enzymes like myoglobin and cytochrome. Less than 1% of iron (about 4mg) which is 

bound to transferrin, floating in plasma. Although, this amount is small but the daily 

turnover of the attached iron to transferrin is about 25 mg [10]. 80% of the iron that is 

transferred daily with transferrin, is used to synthesis of new red cells in bone marrow (20 

mg per day)[24, 25]. 



 
2.3. Iron requirements and its sources 
 
As a general principle, it can be said that the daily iron requirements amount for women 

and healthy adult men is between 1 to 2 mg [6, 26]. This amount should be absorbed 

from food in the gastrointestinal tract. However, the need for iron for individuals and 

specific groups like growing children, pregnant and lactating women and blood donors is 

calculated based on the elements like age, gender and environmental conditions and it 

could exceed this calculated amount [27, 26]. 

The major requirement of iron for body is consumed to make new red blood cells, which 

live for about 120 days. On average, about 20 mg iron per day is needed to produce 

hemoglobin in red blood cells. More often, this is achieved from destruction of old red 

blood cells in reticuloendothelial macrophages and its recycle in plasma [6, 7, 28, 29]. 

On the other hand, from 1- 2 mg iron is excreted from body through physiological fluids, 

intestinal tract and skin every day [12, 22, 28]. Exactly, the same amount of iron is 

absorbed through intestinal tract and foods to compensate the lost one.  

Iron can be founded in two forms of organic (heme iron) and nonorganic (non-heme iron) 

in food. The details are given in the below table: 

 

heme-non  heme  Iron  
Wide variety of iron-
containing plant foods such 
as whole grains, legumes, 
vegetables, nuts and types of 
dried fruits[32, 33] 

As hemoglobin and 
myoglobin in meat and 
animal tissues including red 
meat, poultry, fish and liver 
[30, 31] 

Sources  

[32,  Absorbed ineffectively
8%) -(3 ]33 

34, [ absorbedEffectively 
)30%-20( ]35, 36, 37 

Absorption  

 

Table 2.1.Iron forms 

 

Meat, poultry and fish increase iron uptake. These foods are worth double. They contain 

“heme iron” and in the other hand, they increase the absorption of “non-heme iron” found 



in plant sources. One of the most important measures to prevent iron deficiency anemia is 

educating nutritional tips in order to make balance and variety in the diet. 

2.4. The mechanism of intestinal iron absorption 
 
The absorption of iron from food in body is mainly done in three steps by the specialized 

enterocytes cells at the proximal of small intestine [38, 39] (fig. 2.1). These steps are: 

• Absorption of iron from apical membrane of enterocytes: 

Iron should be in the reduced form (ferrous- Fe2+) to cross this membrane. In this step, 

organic iron (heme) which is in the form of ferrous can pass the membrane without any 

transforming with the help of heme transporter and enter the intestine cytosols [40]. 

Fig.2.1.Intestinal iron absorption  

(Toolabi, A. unpublished image 2016) 

 



The nonorganic (non-heme) iron is generally found in the form of ferric iron (Fe+3). It 

should be first converted to ferrous iron for crossing through the intestinal membrane. If 

it is not done in the acidic environment of the stomach, then it should be reduced by 

enzyme called duodenal cytochrome B (Dcytb)/ferrireductase which is place at apical 

intestinal villi and exchanged to ferrous [30, 32, 41, 42, 43]. After that, a protein called 

Divalent Metal Transporter 1 (DMT1) facilitates the passage of ferrous iron from 

intestine membrane to entrocyts [6, 32, 43, 44]. 

From here onwards, the mechanism of iron absorption is the same for both organic and 

nonorganic forms. 

• Iron departure from intestinal cells and entrance to the bloodstream: 

Without an emergency being present, the ferrous iron obtained (from first step) can be 

stored as mucosal ferritin in entrocyts [32, 43, 45]. Otherwise, it can be directly 

transferred to plasma with the help of protein called ferroportin 1 also known as iron-

regulated transporter [32, 43, 44, 45]. This step is one of the iron regulatory mechanisms 

in the body. The activity of ferroportin can be inhibited by an enzyme inhibitor called 

hepcidin. From this way, it can cause the reduction of the iron entry to the blood stream. 

Hepcidin is a peptide hormone that synthesized in liver [46]. Many people believe that 

this hormone is the key regulator of iron in the blood of humans and other mammals [7].  

• Iron exportation: 

In this step, a rework is done. The ferrous iron will be again oxide and exchange to ferric 

iron to be able to bind to transferrin to carry the bloodstream. This exchange is done with 

another enzyme called hephasetin (ferroxidase) [32, 43, 44. 45]. 

 

2.5. Iron transport and storage 

These functions are done by three major proteins named transferrin, transferrin receptor 

and ferritin [34]. 

2.5.1. Transferrin 

Transferrin is a glycoprotein with 80 kDa molecular weight that mainly synthesized in 



the liver [47] but a small amount is produced in other organs such as brain and testis [48, 

49]. This protein is responsible to bound to iron and transfers iron to the different cells 

and tissues [6, 50, 51].  

Transferrin has a high tendency to bind to ferric iron from the intestine [6]. In addition, it 

is responsible for transportation of iron obtained from the destruction of the old red blood 

cells in the reticuloendothelial system [44]. Normally, in healthy people, only 30% of the 

transferrin iron binding capacity is filled and the remaining 70% is used when a large 

amount of iron is needed [49]. Otherwise, in case of iron overload, the excessive part of it 

is bound to transferrin, to prevent it from destructive toxic effects on body [52].  

In the case, where all the capacity of transporting iron by transferrin is saturated, a small 

amount of iron can be attached to the albumin and other small molecules in the blood. 

These proteins are so-called Non-transferrin bound iron (NTBI) [7]. 

2.5.2. Transferrin receptors 

These are the key receptors on the cells surface that cause the harvesting of attached iron 

to transferrin. There are two types of transferrin receptor in body and each of them is 

belonged to specific cells and tissues. One type exists in all cells except mature 

erythrocytes while the other type only exists in liver hepatocytes [6]. 

The amount of iron, which is needed for cells and tissues, depends on the appearance of 

ternsferin receptors on the surface of these cells and tissues [26]. Despite the fact that the 

erythropoiesis happens in the bone marrow and the major amount of body iron is used for 

producing hemoglobin, about 80% of transferrin receptors can be found in hematopoietic 

cells in bone marrow [26, 53]. In the case when the demand for iron increases, especially, 

in case of iron deficiency, the amounts of these soluble receptors increase [54, 55, 56, 57]. 

The important note is that, these receptors are not affected by the infection and do not 

belong to the Acute-phase reaction proteins [58, 59, 60]. 

2.5.3. Ferritin  

Excessive iron over used of the capacity of bone marrow hematopoietic will be stored in 

the form of ferritin in the liver, the bone marrow and reticuloendothelial system [6].  



Ferritin is an intracellular iron storage protein with molecular weight of 465 KDa [37] 

(fig.2.2).  

Iron stored as mineral ferritin

Fig.2.2. Ferritin structure
(Modified image of R. Vidal, Indiana University, Bloomington, USA) [97]

Approximately, it can be produced in all body cells [61].  The part of ferritin that is not 

attached to iron is called apoferritin [44]. Ferritin is one of the acute-phase reaction 

proteins and its measurements could be inaccurately up and down in patients [62, 63]. 

If the total amount of the body iron exceed more than the binding capacity of apoferritin, 

then the excessive iron can be stored in an insoluble structure named hemosiderin [64]. In 

this case, the intestinal absorption of iron is sharply reduced. On the other hand, when 

iron stores are empty, the intestinal absorption capacity can be increased up to 5 times of 

the normal rate. Therefore, the regulatory mechanism of the intestinal iron absorption is 

one of the main and useful ways to adjust iron in the body [44].  

 

 



2.6. Iron disorders 

Although, iron is one of the important elements for body, but the iron uptake, transport 

and storage should be controlled constantly to prevent harmful effects of excess iron [65, 

66, 67]. Since, in a physiological state, the amount of iron excretion is limited, therefore, 

control mechanisms are more focused on the absorption of iron in the gastrointestinal 

tract. 

2.6.1. Iron overload and its complications 

In contrast to iron deficiency, iron overload is a rare situation where it could be 

dangerous if it would not be diagnosed, on time or misdiagnosed [26]. It happens when 

taking iron would be more than the need and the saturation value in body. In this case, the 

iron storing proteins level like ferritin and hemosiderin will increase. This overloaded 

iron would cause harm effects on parenchymal tissues due to the toxic effects resulting 

from superoxide and hydroxyl radicals [6, 64]. The toxic radicals can destroy the nuclei 

of cells and stop the production of the proteins needed for cell development. Also, they 

could lead to cell death, if they not be treated [6]. Accordingly, early diagnosis of this 

disease can prevent from occurrence of the destructive consequences. 

In general, the accumulation of the excessive iron in body is called "Hemochromatosis". 

This exists in two the forms of primary (hereditary) and secondary (acquired) [26]. The 

primary hemochromatosis with the above-mentioned mechanism can cause several 

diseases such as cirrhosis, cardiovascular diseases, arthritis, diabetes, hypogonadism, 

skinrash and etc. [68]. 

Nowadays, the relationship between genes (HEF) responsible for creating primary 

hemochromatosis and major histocompatibility complex (MHC1) is known and it can be 

helpful for screening family members of patients[69, 70].  

The secondary (acquired) hemochromatosis or hemosiderosis is more related to 

hematopoietic disorders or ineffective hematopoiesis in the body such as in thalassemic, 

aplastic and sideroblastic anemias. The other reasons of this type of disease could be due 

to the frequent blood transfusions or frequent iron injection, high iron-rich foods and 

chronic diseases affecting the body’s hematopoietic system [26]. 



2.6.2. Iron deficiency and its complications 

Iron deficiency is one of the most important problems in the world today, especially in 

developing countries. Almost one third of the world’s population suffers from iron 

deficiency [7, 44]. Inadequate dietary iron intake, increased iron requirements during 

pregnancy, lactation, menstruation, growing and adolescents, etc. are physiologic causes 

of iron deficiency [26]. In contrast, chronic gastrointestinal and uterine bleeding are the 

most important pathologic causes of iron deficiency in developed countries [37, 44]. 

Other pathological related conditions are intestinal iron absorption disorders, malignant 

tumors, and chronic inflammatory bowel diseases [26]. 

Frequent blood donation is another reason for appearance of iron deficiency. Unlike the 

previous factors, it can cause iron stores depletion in a shorter time, if the iron lost during 

the blood donation process is not compensated at the right time [26]. 

Since, each blood donation reduces between 200 to 250 mg of iron stores; therefore, 

blood donation has the greatest impact on reducing serum ferritin level more than other 

iron parameters. That is why so many people denote the blood donation as "iron 

donation". The potential risk of iron deficiency is the only disadvantage of blood 

donation, which is known so far [26]. 

The iron deficiency that is not compensated overtime could eventually lead to iron 

deficiency anemia with clinical complications. Three stages of iron deficiency leading to 

iron deficiency anemia are listed in Table 2.2.  

2.7. The laboratory investigation of iron deficiency 

Currently, there is no laboratory test, which lonely could indicate iron deficiency [55, 62]. 

Only by combining a series of biochemical iron tests, in which, each consider the body 

iron from different aspects, the balance of body iron, especially iron deficiency can be 

checked [54,55,71,72,73,74,75]. According to World Health Organization (WHO) 

recommendation, the best combination in a population-based research setting would be 

hemoglobin, serum transferrin receptors, and serum ferritin or bone marrow iron [55]. 

 



 
 

Prelatent 
(Mildest form or 
pre-hidden iron 

deficiency) 
 

 
 
Iron stores depletion in the liver and bone marrow without clinical 
symptoms and  affecting on erythropoiesis , alarming sign of iron 
deficiency [6, 26, 54] 
 

 
 
 

Latent 
(Hidden iron 
deficiency) 

 

 
Continued iron deficiency and iron stores depletion, negative iron 
balance (decrease absorption, increase consumption), decrease of 
functional iron and reduction of transport, low serum iron, iron-
deficient erythropoiesis, without clinical symptoms [6, 26, 54] 
 
 

 
 
 

Apparent 

 
Most severe form of iron deficiency, continuation of the iron 
deficiency and further depletion of iron stores, a significant 
reduction of functional iron and transport iron, no iron to produce 
hemoglobin, decreased hemoglobin levels, producing small pale 
red blood cells (microcyt, hypochrom), clinical symptoms of iron 
deficiency anemia [26, 54] 
 

 

Table 2.2. Three stages of iron deficiency  

 

In this regard, two groups of experiments can be studied: 

2.7.1. The complete blood count (CBC) test:  

It is determine to evaluate of iron deficiency effects on hemoglobin synthesis and red 

blood cell parameters in erythropoiesis. Progressive and severe iron deficiency at the last 

stages can lead to disorders in producing red blood cells and cause the iron deficiency 

anemia (IDA) [54, 55,]. This effect can be observed in the CBC test, resulting to reduce 

hemoglobin and hematocrit levels [76], and decrease in red blood cell parameters, which 

include Mean corpuscular volume (MCV) and Mean corpuscular hemoglobin (MCH) 

[54]. 

A measurement of hemoglobin level is one of the tests recommended by the WHO for 

screening the iron deficiency [55]. According to the organization’s definition, anemia is 

determined in adult women and men with the hemoglobin of less than 12 and 13g/dl 

respectively [55]. 



Since, the first stage of iron deficiency does not interfere the process of erythropoiesis, 

and the CBC test could look normal, thence, doing some specific biochemical iron 

indices tests for measuring the iron body is necessary. 

2.7.2. Assesment of iron status by measuring the iron indices: (Serum ferritin, serum iron, 

transferrin, and transferrin receptors).  

Ferritin is an intercellular protein but a small part of it is free in plasma and measurable 

with the so-called serum ferritin [64, 77]. Serum ferritin level is closely correlate with 

relative total body iron stores [55]. Almost 1 g/l of serum ferritin is equal to 8 mg of 

intercellular in iron stores [64, 78]. A measurement of serum ferritin is one of the 

recommended tests by the WHO for screening the iron deficiency [55]. According to this 

organization, the amount of serum ferritin of less than 15μg/l for women and adult men 

reflects the iron store depletion and the amount of ferritin more than 200μg/l for adult 

men and 150μg/l for adult women indicates the risk factors of iron overloads [55].   

Serum iron reflects the portion of the iron in bloodstream that is attached to transferrin. In 

any case, this amount is less than 1% of the total body iron. Since, the serum iron has 

high circulating amount per day and it is influenced by factors like the amount of iron in 

the diet, thus, it cannot be consider as a good marker for the iron status [77, 79]. 

Transferrin is a protein, which transfers the iron, and it can be measured directly. Serum 

transferrin, an iron transport protein, increases when iron stores are low [80]. 

The soluble transferrin receptors are part of the transferrin extracellular receptors, which 

have been abandoned in plasma. They can be measured with laboratory methods and can 

be used as one of the parameters to evaluate iron status. The increased level of these 

receptors is a sensitive diagnostic marker to reduce the iron in the early stages of iron 

deficiency.  Measurement of serum transferrin receptors was added to the iron body assay 

recently and is one of the tests recommended by the WHO for screening the iron 

deficiency [55].  

 

 

 



 

 

 

 

 

 

 

 
 
 
 

CHAPTER 3 
MATERIALS AND METHODS 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



3.1. Design and area of study 

Investigating the reasons for the decreasing rate of whole blood donation at University 

Hospital Dusseldorf is one of the main concerns of the blood donation authorities.  

Since iron deficiency is one of the reasons adduced for the reduction in the blood 

donation rate throughout the world, the main purpose of this study is to assess the donor’s 

iron status as a probable reason for this decrement. 

The present study was designed and proposed by the author and confirmed by Professor 

Giers as supervisor and leader of the blood donation center. The related proposal was 

accepted by Medical Research School. 

3.2. Sample volume 

During this study randomly 280 volunteer's data (inclusive 140 female and 140 male 

donors) have been analyzed with average age of 34.9 years (range 18-68 years) after 

receiving statement of University Ethic Commission at 18.07.2013 (Number:4344). The 

population study donated whole blood from October 1, 2012 through April 1, 2013. 

Among this population, 30 first-time donors and 250 frequent donors (people who had 

donated blood more than once) were set up and analyzed, with equal ratio of male to 

female donors. 

The frequent donors were categorized into five groups of 50 donors (each 25 male and 25 

female), based on the number of blood donation (Table.3.1). The average age of the first-

time donors was 27.07 years (range 18-53 years). The frequent donors had an average age 

of 35.9 years (range 18-68 years). 

 

 

 

 

 

 

 



Donation 

count 

 

Male 

 

Female 

 

Percent 

Valid 

Percent 

Cumulative 

Percent 

0 15 15 10.7 10.7 10.7 

1-4 25 25 17.9 17.9 28.6 

5-8 25 25 17.9 17.9 46.4 

9-12 25 25 17.9 17.9 64.3 

13-20 25 25 17.9 17.9 82.1 

21-300 25 25 17.9 17.9 100.0 

Total 140 140 100.0 100.0  

 

Table3.1.Study group distribution by donation count and gender 

3.3. Blood donation process 

All donors were pre-examined after answering the standard questionnaires (Appendix) 

and having their documentation controlled by educated nursing personnel. During this 

pre-examination, the vital signs such as heart rate, blood pressure, body temperature, and 

also weight and height were evaluated and capillary blood drops from finger prick were 

analyzed for hemoglobin concentration using the cyanmethemoglobin method with B-

Hemoglobin photometer, HemoCue, Großostheim, Germany. 

All of the donors complied with the necessary standards provided in German standard 

guideline for blood donation. (Richtlinien zur Gewinnung von Blut und Blutbestandteilen 

und zur Anwendung von Blutprodukten (Hämotherapie)) [5].  

The next step forward was physical examining the volunteers who were donating blood 

for the first time. They were tested by the donation physician and were informed about 

the pros, cons, and procedure of blood donation. 

Frequent donors were also interviewed briefly and re-examined after every 10 donation 

or every 2 years. Finally, the entire population was introduced to the phlebotomy and 

donation process. 

 

3.4. Blood sample collection 

During the process of blood donation, about 50 ml of blood volume is used for different 



diagnostic tests in different Tubes. One of them is a 5ml violet EDTA, that used for 

complete blood test.  

In the quality assurance and safety of blood product procedure, tubes, which the 

preliminary tests performed on them, are kept about two years at the temperature of 

 until if it is needed to be reviewed again. Our specific tests for the iron indices 

are performed with thawing the frozen serum of donors. 

 

3.5. Laboratory tests 

3.5.1. Complete Blood Count (CBC) 

This test is one of the public tests that performed for all donors as a part of blood 

donation process and its results are stored in the blood center data bank. Therefore, it was 

not needed to repeat this test and only the data from blood bank have been investigated.  

This test is performed with using blood from EDTA tube done by an advanced fully 

automated analyzer (SYSMEX K4500) with high ability to do hematological studies. The 

hemoglobin concentration is measured photometric and hematocrit value, red cell indices 

(mean corpuscular volume (MCV) and mean corpuscular hemoglobin (MCH)) calculated 

automatically. 

These parameters are mainly used for evaluating iron status in the body. Normal values 

of hemoglobin and hematocrit level, MCV and MCH are mentioned in Table.3.2. 

 

3.5.2. Serum ferritin 

The measurement of serum ferritin was conducted by means of Enzyme-linked 

Immunosorbent Assay (ELISA) test (using IMMULITE 100 ASSAYS SIEMENS), based 

on formation of antigen-antibody complex after passing many steps.  

1 g/L of ferritin in serum approximates to 8 mg of stored iron in reticuloendothelial 

system in the body [78]. The normal value and measuring unit of serum ferritin is shown 

in Table.3.2. 

Low serum ferritin (<15μg/L), in addition to low hemoglobin or hematocrit, confirms the 

diagnosis of iron deficiency anemia [81]. 

 



3.5.3. Serum transferrin 

Serum transferrin is an iron transport protein. Only 0.1% of total body iron is bound to 

transferrin at any time. The serum transferrin level of collected samples is evaluated 

using antisera against human transferrin and haptoglobin. This method is based on an 

immunochemical reaction between transferrin protein (as antigen) and specific antibodies. 

This test is performed turbidimetrically by BN ProSpec® System-Siemens. Normal 

values and measuring units of serum transferrin are shown in Table.3.2. 

 

3.5.4. Serum transferrin receptor 

Circulating soluble transferrin receptors (sTfR) can find in human plasma. An elevated 

serum transferrin receptor concentration (>8.5 mg/L) is an early and sensitive indicator of 

iron deficiency [62, 82]. sTfR was measured nephelometrically by BN™ II System -

Siemens. This method is based on antigen-antibody reaction and is conducted by 

enzyme-linked immunosorbent assay (ELISA). Normal values of this examination are 

shown in Table 3.2. 

 

3.5.5. Serum iron 

Serum iron concentration is a measurement of circulating iron (Fe3+) bound to transferrin. 

Only 0.1% of total body iron is bound to transferrin at any time. During our investigation, 

serum iron assessment on collected samples was conducted by means of VITROS® 350 

Chemistry System with photometric method. Normal values of serum iron are shown in 

Table 3.2. 

 

3.6. Statistical analyses 

 
After performing examinations, evaluation of the data was conducted with the statistical 

software SPSS (version 20) and R (version 3.0.1).  

 

 



Parameter Normal range/unit 

Ferritin 11.7-302.7  

Transferrin 2.00-3.60  

Serum iron 49-181  

sTfR 0.81- 1.75  

Hemoglobin 12.3- 17.5  

Hematocrit  34.7- 48.2 (%) 

MCV 83.0- 103.0 fl 

MCH 27.0- 34.0 pg 

 

Table 3.2.Hematologic parameter and iron indices unit reference range 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
CHAPTER 4 

RESULTS

   



4.1. Hemoglobin 

 
All of the donors represented hemoglobin levels ranging from 11.6 to 17.4 g/dl, with an 

average of 14.1 g/dl. Male donors’ hemoglobin level was in the range of 12.6-17.4 g/dl, 

with mean of 15, and female donors’ hemoglobin level was in the range of 11.6-15.9 g/dl, 

with mean of 13 (Table 4.4).  

Before the donation process, donors underwent capillary blood sampling via the insertion 

of a needle into their index finger and subsequent spectrophotometer analysis. All donors 

exhibited normal values of hemoglobin for donating blood. But during our study, venous 

complete blood count analysis claimed that the hemoglobin level for 25 donors was lower 

than standard, but they were able to donate blood, despite the fact that the hemoglobin 

level was reported in the standard range using the spectrophotometry method (capillary 

blood sampling).These 25 donors consisted of 9 female donors (hemoglobin level: 12 

g/dl) and 16 male donors (hemoglobin level: 13 g/dl). 

This difference is a result of measurement error during spectrophotometer analysis and 

sampling from fingertips, in comparison with venous complete blood count analysis 

accuracy. 

The relation between hemoglobin level and donors’ gender was statistically significant 

(P<2.2 * ) (Table 4.4). However, the relation between hemoglobin level and donors’ 

age was not statistically significant (P 0.7277) (Table 4.6). 

There was no significant correlation between the donation count and hemoglobin level (P 

0.802) (Table 4.5). This indicates that as the blood donation count rises, we do not 

observe any fluctuation in hemoglobin levels. The relationship between hemoglobin level 

and blood donation count is indicated in fig.4.1. 

 



 

Fig. 4.1.Hemoglobin by donation count 

4.2. Hematocrit 

All of the donors represented hematocrit values in the range of 35-52%, with mean of 

41%. Male donors’ hematocrit level ranged from 38 to 52%, with an average of 43%, and 

female donors’ hematocrit levels ranged from 35 to 46%, with an average of 40% (Table 

4.4). The relevance between hematocrit level and donors’ gender was statistically 

significant (P < 2.2* ) (Table 4.4). 

There was no statistically significant correlation between hematocrit level and donors’ 

age (P 0.7166) (Table 4.6).  

No significant relationship was observed between hematocrit level and blood donation 

count (P 0.785) (Table 4.5). This suggests that hematocrit level is independent from 

blood donation count variations. The relationship between hematocrit level and blood 

donation count is shown in fig 4.2. 



 

 

Fig. 4.2.Hematocrit by donation count 

4.3. Mean corpuscular volume (MCV) and mean corpuscular hemoglobin (MCH) 

Measured mean corpuscular volume (MCV) for each donor was in the range of 34.9-96 fl, 

with mean of 85.57 fl. Male donors’ MCV was reported in the range of 73.9- 95.9 fl, with 

an average of 85.32 fl, and female donors’ MCV was reported in the range of 34.9- 96 fl, 

with an average of 85.82 fl (Table 4.4).  

Considering different variables (gender, age, and blood donation count), the only 

significant relationship was established between MCV and donor’s age (P 0.0018) 

(Tables 4.4, 4.5, 4.6). 

Measured mean corpuscular hemoglobin (MCH) for each donor was in the range of 23.5-

34.3 pg, with an average of 30 pg. Male donors’ MCH was reported in the range of 23.5-

34.3 pg, with mean of 29 pg and female donors’ MCH was reported in the range of 23.7-



32.8 pg, with an average of 29 pg. Considering different variations (age, gender, and 

blood donation count) and MCH level, no significant correlation was established (Tables 

4.4, 4.5, 4.6). 

4.4. Ferritin 

Measured serum ferritin level for all donors ranged from 2 to 464 μg/l, with an average of 

43 μg/l. Male donors’ serum ferritin values ranged from 5 to 464 μg/l, with an average of 

56 μg/l and female donors’ serum ferritin values ranged from 2 to 222 μg/l, with an 

average of 30 μg/l (Table 4.4).  

A significant relationship was observed between ferritin level and donor’s gender 

(P<0.05) (Table 4.4). 95% confidence interval for serum ferritin distribution based on 

donor’s gender is illustrated in fig .4.3. 

 

 

Fig. 4.3.Serum ferritin by gender 



There was a significant relationship between serum ferritin level and the number of blood 

donation: as the blood donation count increases, serum ferritin level decreases (P 

0.0000691) (Table 4.4). 

95% confidence interval for serum ferritin distribution based on the blood donation count 

is illustrated in fig.4.4. 

 

Fig. 4.4.Serum ferritin by donation count 

 

As mentioned before, in serum ferritin less than 15μg/l, the body iron stores are depleted, 

and the functional iron bound to transferrin is only in the blood. 

In our study, depleted iron stores were seen in a total of 61 donors (21.77% of the whole 

examined population). This rate is based on donor’s gender, including 28.57% (40 of 140) 

female volunteers and 15% (21 of 140) male volunteers. This demonstrates that women 



experience over twice the rate of iron store deficiency than men. 

The number of donation also plays a substantial role in serum ferritin level changes. 

Among the volunteers who donated blood for the first time, there was only one woman 

whose ferritin was assessed at less than 15μg/l. The remaining 60 donors who exhibited 

iron store deficiency were from the frequent donor group (donors who donated blood 

more than once). 

In frequent donors, as predicted, when the number of donations increases we observe a 

significant decrease in serum ferritin levels. During our examinations, we found that 26% 

of donors who had donated blood more than 5 times had depleted iron stores. Serum 

ferritin level distribution, based on donation count is illustrated in Table 4.1. 

 

21201312985410
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Table 4.1.Serum ferritin by donation count

 

No significant relationship has been seen between serum ferritin level and donor’s age 

range (P 0.6144) (Table 4.6).  

4.5. Serum iron 

Serum iron values for all donors ranged from 19 to 306 μg/dl, with an average of 105 

μg/dl. Male donors’ serum iron values ranged from 21 to 306 μg/dl, with an average of 

109 μg/dl, and female donors’ serum iron values ranged from 19 to 301μg/dl, with an 

average of 101μg/dl (Table 4.4).  

There was no significant relationship between serum iron values and donor’s gender (P 



0.2315) (Table 4.4). 

No significant relationship was found between serum iron level and number of donation 

(P 0.831) (Table 4.5). This indicates that no remarkable changes occur to serum iron level 

when the donation count rises. The relationship between serum iron level and blood 

donation count is shown in fig. 4.5. 

 

 

Fig. 4.5.Serum iron by donation count 

 

No significant correlation was seen between serum iron level and donors’ age (P. 0.9998) 

(Table 4.6). Compared with the normal range of serum iron level (49-181 μg/dl) (Table 

3.2), 31 donors out of the volunteer population (11.07%) exhibited a serum iron level 

lower than 49 μg/dl. The gender distribution was as follows: female donors 23 out of 180 



(12.7%), male donors 8 out of 180 (4.44%). Serum iron level reduction in the female 

donor population occurs almost 2.8 times more often than in the male donor population. 

26 donors (9.28%) out of the entire volunteer population exhibited a serum iron level 

greater than 181μd/dl. (Table 4.2). 

 

%  number  Frequent  First-

time   

Female  Male  Serum 

iron   

11.0731301238481

79.651931982510511849181

9.28262241214182

10028025030140140

 

Table 4.2.Serum iron by gender and donation count 

 

32% of donors whose ferritin level was reported as less than 15μg/l had measured serum 

iron levels lower than the necessary standards. However, there was no significant 

correlation between serum iron level and serum ferritin level. 

4.6. Transferrin 

The serum transferrin level in the entire volunteer population ranged from 1.9 to 4.7 

mg/dl, with mean of 2.9 mg/dl. Male donors’ serum transferrin ranged from 2 to 3.7 

mg/dl, with mean of 2.9 mg/dl and female donors’ serum transferrin ranged from 1.9 to 

4.7 mg/dl, with mean of 3 mg/dl. No significant correlation was seen between serum 

transferrin level and donors’ gender (P 0.005548) (Table 4.4).  

95% confidence interval for serum transferrin distribution based on donors’ gender is 

illustrated in fig .4.6. 

 



 

Fig. 4.6.Serum transferrin by gender 

 

No significant relationship exists between serum transferrin level and the number of 

donation (P 0.935) (Table 4.5). This demonstrates that the increment of blood donation 

count did not directly affect the serum transferrin level. Fig.4.7 illustrates the correlation 

between serum transferrin distribution and donation count. 



 

Fig. 4.7.Serum transferrin by donation count 

 

The relationship between serum transferrin level and donors’ age was statistically 

significant (P 0.024) (Table 4.6). It means that in older donors we confronted lower levels 

of serum transferrin. Fig.4.8 shows the relationship between serum transferrin 

distribution and donors’ age. 

 



 

Fig. 4.8.Serum transferrin by age 

 

Compared with the normal range of serum transferrin (2.00 to 3.60 g/l), only one of our 

frequent female donors exhibited a serum transferrin level lower than standard. 18 donors 

out of the entire volunteer population (6.4%) were reported to have a serum transferrin 

level greater than standard. These 18 donors were distributed, based on blood donation 

count, as follows: 1 donor, first time donation and 17 donors, frequents donation. These 

18 donors’ consisted of 16 female donors and 2 male donors (Table 4.3). 

 

 

 

 

 



Frequent 
First-

time 
FemaleMale

0.35110102

93.2261232291231383.62

6.4181711623.7 

10028025030140140

 

Table 4.3.Serum transferrin by gender and donation count 

 

4.7. Soluble transferrin receptors (sTfR) 

The volunteer population as a whole represented soluble transferrin receptor levels 

ranging from 0.5 to 3.2 mg/l, with mean of 1.2 mg/l (Table 4.4). 

Male donors’ soluble transferrin receptor values ranged from 0.5 to 3.2 mg/l, with mean 

of 1.3 mg/l, and female donors’ soluble transferrin receptor values ranged from 0.5 to 2.8 

mg/l, with mean of 1.2 mg/l (Table 4.4). 

The relationship between serum transferrin receptor level and donors’ gender was not 

statistically significant (P 0.2191) (Table 4.4).  

There was no significant correlation between soluble transferrin receptor level and 

donor’s age (P 0.5403) (Table 4.6).  

The correlation between soluble transferrin receptor level and number of donation was 

not statistically significant (P 0.357) (Table 4.5). This indicates that the increment in the 

blood donation count has no significant effect on the soluble transferrin receptor level.  

The relation between soluble transferrin receptor level and blood donation count is 

reflected in fig. 4.9. 

 



 

Fig. 4.9.Soluble transferrin receptors by donation count 

 

In comparison with the normal range of serum soluble transferrin receptor level (0.8-1.75 

mg/l) (Table 3.2), 20 donors (7.14%) represented standard levels of soluble transferrin 

receptors, and 260 donors (92.8%) exhibited soluble transferrin receptor levels lower than 

necessary standards. Measured values of soluble transferrin receptors were greater than 

standards in none of the donors. 

 

 

 

 

 



 

Parameter 

(unit) 

Men(n=140) Women(n=140) Total(n=280) Pvalue 

Ferritin( g/L) 5, 464 

56.243 

(40) 

2, 222 

30.868 

(22) 

2, 464 

43.556 

(29) 

0.0000000948 

Transferrin 

g/l 

2.0, 3.7 

2.854 

1.9, 4.7 

3.040 

1.9, 4.7 

2.947 

0.005548 

Serum iron 

μg/dl 

21, 306 

109.086 

19, 301 

101.957 

19, 306 

105.521 

0.2315 

sTfR(mg/L) 0.5, 3.2 

1.3086 

0.5, 2.8 

1.233 

0.5, 3.2 

1.271 

0.2191 

Hemoglobin 

g/dl 

12.6, 17.4 

14.836 

11.6, 15.9 

13.394 

11.6, 17.4 

14.115 

< 2.2 × 10-16 

Hematocrit 

(%)  

37.6, 52.0 

43.157 

35.3, 46.2 

39.762 

35.3, 52.0 

41.460 

< 2.2 × 10-16 

MCV fl  73.9, 95.9 

85.324 

34.9, 96.0 

85.826 

34.9, 96.0 

85.575 

0.01615 

MCH pg  23.5, 34.3 

29.366 

23.7, 32.8 

29.149 

23.5, 34.3 

29.258 

0.2114 

 

Table 4.4.Mean iron indices, Hb, Hct, MCV, MCH by gender 

 

 

 

 

 

 

 

 

 



Parameter 

(unit) 

0(n=30) 1-4 

(n=50) 

5-8 

(n=50) 

9-12 

(n=50) 

13-20 

(n=50) 

>=21 

(n=50) 

Total 

(n=280) 

Pvalue 

Ferritin( g/L) 10, 

211 

77.50 

(70.5) 

3, 

222 

50.22 

(28.5) 

4, 144

35.44 

(27.5) 

5, 464

46.32 

(27.5) 

2, 108 

31.88 

(21.5) 

6, 129 

33.55 

(27.5) 

2, 464 

43.556 

(29) 

0.0000691 

Transferin g/l 2.3, 

4.2 

2.84 

2.0, 

4.6 

2.97 

2.3, 

4.7 

3.05 

2.1, 

4.1 

2.91 

2.0, 

3.9 

2.99 

1.9, 

4.3 

2.89 

1.9, 4.7 

2.947 

0.935 

Serum iron 

μg/dl 

45, 

207 

113.6 

19, 

306 

97.52 

26, 

278 

108.64 

21, 

222 

107.62

28,301

105.76

46, 

306 

103.22 

19, 306 

105.521 

0.831 

sTfR(mg/L) 0.6, 

1.7 

1.12 

0.8, 

2.7 

1.28 

0.7, 

3.2 

1.36 

0.5, 

2.9 

1.20 

0.5, 

2.7 

1.35 

0.6, 

2.2 

1.25 

0.5, 3.2 

1.271 

0.357 

Hemoglobin 

g/dl 

12.3, 

17.1 

14.39 

12.2, 

16.2 

14.09 

12.2, 

16.5 

14.01 

12.1, 

16.6 

14.02 

12.3, 

17.1 

14.07 

11.6, 

17.4 

14.22 

11.6, 

17.4 

14.115 

0.802 

Hematocrit 

(%) 

33.5, 

46.8 

41.94 

35.3, 

48.8 

41.24 

37.4, 

47.0 

41.44 

36.2, 

46.2 

41.10 

36.5, 

49.0 

41.26 

36.7, 

52.0 

41.97 

35.3, 

52.0 

41.460 

0.785 

MCV fl 81.8, 

92.9 

86.57 

37.8, 

95.9 

85.19 

34.9, 

96.0 

83.99 

73.3, 

95.8 

86.43 

74.7, 

94.4 

84.74 

76.1, 

94.9 

86.93 

34.9, 

96.0 

85.575 

0.438 

MCH pg 27.0, 

32.1 

29.67 

26.4, 

32.8 

29.40 

24.6, 

31.9 

28.68 

23.5, 

33.6 

29.48 

24.8, 

32.2 

28.97 

23.7, 

34.3 

29.51 

23.5, 

34.3 

29.258 

0.796 

 

Table 4.5.Mean iron indices, Hb, Hct, MCV, MCH by donation count 

 

 



Parameter 

(unit) 

18-

24(n=80) 

25-34-

(n=83) 

35-

44(n=33) 

45-

54(n=57) 

55-

68(n=27) 

Total(n=280) Pvallue 

Ferritin( g/L) 3, 214 

40.74 

(26.5) 

2, 173 

43.41 

(31) 

10, 211 

48.88 

(29) 

6, 464 

42.34 

(28) 

9, 222 

48.41 

(33) 

2, 464 

43.556 

(29) 

0.6144 

Transferrin 

g/l 

2.0, 4.7 

3.14 

2.0, 

4.4 

2.92 

2.1, 3.4 

2.76 

1.9, 3.7 

2.86 

2.1, 3.6 

2.87 

1.9, 4.7 

2.947 

0.0024 

Serum iron 

μg/dl 

19, 278 

98.05 

28, 

306 

117.73 

41, 200 

93.82 

46, 211 

100.65 

49, 306 

114.74 

19, 306 

105.521 

0.9998 

sTfR(mg/L) 0.7, 2.9 

1.34 

0.6, 

3.2 

1.26 

0.5, 2.2 

1.16 

0.5, 2.7 

1.24 

0.8, 2.2 

1.32 

0.5, 3.2 

1.271 

0.5403 

Hemoglobin 

g/dl 

12.2, 

16.7 

13.97 

12.1, 

17.4 

14.21 

12.5, 

16.3 

14.56 

11.6, 

16.7 

13.98 

12.8, 

15.5 

13.98 

11.6, 17.4 

14.115 

0.7277 

Hematocrit 

(%) 

35.5, 

46.9 

41.26 

35.3, 

52.0 

41.44 

37.4, 

46.1 

42.27 

36.2, 

47.5 

41.32 

38.0, 

44.5 

41.44 

35.3, 52.0 

41.460 

0.7166 

MCV fl  75.0, 

93.9 

84.89 

34.9, 

95.9 

84.48 

78.8, 

94.2 

85.98 

76.1, 

95.8 

86.66 

77.8, 

96.0 

88.20 

34.9, 96.0 

85.575 

0.0018 

MCH pg 24.5, 

32.3 

28.72 

23.5, 

32.8 

29.41 

27.0, 

34.3 

29.68 

23.7, 

33.6 

29.32 

25.9, 

32.2 

29.76 

23.5, 34.3 

29.258 

0.0474 

 

Table 4.6.Mean iron indices, Hb, Hct, MCV, MCH by age

 

 



 

CHAPTER 5 
SUMMARY, CONCLUSION, AND 

RECOMMENDATION 



5.1. Summary: 
 

This study has been evaluated to follow the iron status of blood donors to see whether 

iron deficiency could be one of the possible reasons for the decrease statistic of blood 

donation in Dusseldorf  University Hospital. 

Unfortunately, assessment of iron status is not included in the routine screening of blood 

donation due to financial issues. Now in the most of blood donation centers, the donors’ 

iron status is guessed with measuring indirectly the hemoglobin concentration by finger 

prick blood sampling. 

Although, measuring hemoglobin is simple, fast and low cost, but it cannot be solitary 

criterion for body iron estimation. However, this method is highly dependent on the skill 

of the examiner person. For iron status estimation, specific tests are needed to carry out 

where each of them is looking at the iron body in different aspect. 

The process of iron deficiency is a time consuming action. It shows itself at first by 

reducing iron stores and functional iron and in advanced stage appears with reducing the 

production of hemoglobin that causes iron deficiency anemia. In this case, drop in 

hemoglobin can be visible. 

Accordingly, there may be blood donors who are at the early stages of iron deficiency 

whom have allowed hemoglobin level to donate blood but their iron stores are depleted. 

Eventually, after several consecutive donations without iron replacement, their 

hemoglobin value fall below cut-off for blood donation. For this reason, they are not 

permitted to donate for the next time and this could cause the reduction in the statistics of 

blood donation. 

Previous studies have shown that in every blood donation between 200 to 250 mg of 

body iron stores is lost. For this reason, many believe that blood donation is "iron 

donation". 

Blood donation deplete iron stores and reduce ferritin level faster and more than all the 

other reasons. That is why most of the studies on the effects of blood donation on iron 

have been conducted to evaluate the serum ferritin. 

In this study, in addition to ferritin, other iron indices such as transferrin, transferrin 

receptors and serum iron have been measured so far. 



Serum ferritin concentration, in comparison with other laboratory parameters, represents 

a stronger relationship with the blood donation count. So in conditions where 

comprehensive laboratory testing is impossible, serum ferritin concentration (in the 

absence of any infection) can be taken to reflect the body’s iron stores. 

Based on the obtained results, the only statistically significant relationship among all the 

variables reviewed was seen to be between serum ferritin levels and the number of 

donations (P 0.000). 

In our study, 21.77% (61 of 280) of all donors had depleted iron store (serum ferritin less 

than 15μg/l). This rate is based on donor’s gender, including 28.57% (40 of 140) female 

volunteers and 15% (21 of 140) male volunteers. This indicates that iron store deficiency 

in female donors occurs some two times more frequently than in male. 

The donation count also plays a substantial role in serum ferritin level changes. Among 

the volunteers who donated blood for the first time, there was only one donor (female) 

whose ferritin was assessed at less than 15μg/l. All the other 60 donors who exhibited 

depleted iron store were from the frequent donor group (donors who donated blood more 

than once). This suggests that as the blood donation number increases, serum ferritin 

level decreases. 

Fortunately, numerous studies have been carried out about frequent blood donation 

effects on iron status. Previous studies by ferritin measurement affirmed that iron stores 

obviously decrease as a result of frequent blood donation [83, 84, 85, 86, 87]. Table 5.1 

indicates some of these studies.   

As the table below is taken, the iron depletion regardless of gender and statistics of blood 

donations at a glance is vary between the different countries. Another interesting point is 

that in the Alvares et al study of 15 years ago at a university of Lübeck (Germany) the 

amount of iron depletion in donors were 21.79% and in this work,  this amount is about 

21.77%. This strange similarity in the results is perhaps due to consistent of 

environmental conditions or could be justify with other reasons. 

 

 

 

 
 



 

 
Study 

 
Year 

 
Country 

Depleted iron stores (%) 

Overall Male  Female First-time 
 

Frequent 

 

Goldman et al. [98] 

Zaccheaus et al. 

[90] 

Wood et al. [96] 

Richard Cable et al. 

[94] 

Norashikin  [89] 

Mital et al. [93] 

Alvares et al. [88] 

Milman [91] 

Milman et al. [92] 

Simon et al. [87] 

Nadarajan et al.  

[95] 

 

2012 

2010 

 

2011 

2012 

 

2006 

2006 

1999 

1996 

1985 

1981 

2002 

 

Canada 

Niger 

 

Australia 

USA 

 

Malaysia 

India 

Germany 

Denmark 

Denmark 

USA 

Malaysia 

 

17.8 

20.6 

 

22.6 

15 

 

 

 

21.79 

 

 

 

16.4 

11 

 

 

16.4 

 

11 

33 

20.15 

 

 

8 

15.7 

 

27.1 

 

 

 

27.1 

 

 

57.8 

24.73 

31.7 

22.1 

38 

22.7 

 

 

 

 

 

 

 

 

 

5 

 

22.1 

 

7.4 

 

 

 

 

 

43.5 

 

11 

45.4 

26 

 

31.5 

46 

17.4 

Romilla Mittal . 

[100] 

2006 India  33 

 

57.6 

 

33.5 51.25 

 
 

Table 5.1.Summary of studies about blood donation effects on donor's body iron stores 
 

 

 

 

 

 

 



5.2. Conclusion:  
 

According to the results obtained, it can be mentioned that first that the result of this 

study is based on international experiences and confirms previous studies on the impact 

of frequent blood donation on depletion of iron body storage. Secondly, iron deficiency, 

which in its early stages shows iron depletion, can be one of the reasons for decrease in 

the number of blood donation in the University Hospital Dusseldorf. As a result donors 

who are at this stage and do not receive replaced iron, in the near future can become close 

to the last stages of iron deficiency which is iron deficiency anemia and their hemoglobin 

level can be set lower than the standard value. Hence, they would not be able to donate 

anymore. 

It has been evaluated as if donors had been deferred for low hemoglobin then they would 

approximately donate 30% less blood for 4-5 years than the donors who have not been 

deferred [99]. 

This is especially important for frequent donors who are donating more blood and female 

donors who vocalize the majority of donors. In addition, women are more susceptible to 

iron deficiency. They need more iron than men because of their physiological needs. 

According to latest statistics, the incidence of blood donation attempt deferral due to low 

hemoglobin level in whole blood donors visiting Dusseldorf University Hospital in 2012 

was 6.8% (11.8% of female and 2.9% of male donation attempts).  

It is clear that in the absence of iron substitution, this rate will rise in coming years and 

the total blood donation ratio will fall year by year. 

Overall, regarding to the fact that this work was the first study on the effects of blood 

donation on body iron of donors in the hospital, it can be said that the result is clearly 

rational and noteworthy. This means that if the aim is to prevent from decrease in blood 

donation, the donors iron status should be more controlled. It is hoped that this project 

could be a starting point for further research projects in this field. 

To carry out this research, it was also faced with some problems such as: 

1. The absence of a research& consulting center to help students in their original 

design of research 



2. Difficulty in finding an experienced supervisor that has the capacity of taking 

doctoral students and has enough time 

3. Registration process and review of the proposal and finished projects at university 

is too long, that is why most of the people are giving up to continue after starting 

4. Conducting a research project requires adequate funding. Unfortunately, there are 

so many limitations in this area. 

5. Unfortunately, until now no studies had been done in the context of this research 

at the university. In other word, no basic information was available about the 

effects of blood donation to compare with the results of this work. The only 

available statistics is the retrospective review of the number of deferred donation 

because of low hemoglobin in 2012, which is also carried by this author. 

 

5.3. Recommendation:  
 

Blood donation and iron donation are interdependent. Without having enough iron, blood 

donation is not possible and blood without iron is not effective. Due to the verified effects 

of blood donation on decrease of iron stores, it is necessary to put donor’s iron control in 

the program of continuous monitoring of the health of donors. 

It appears that the following practical solutions can be helpful in this way: 

1. Since the hemoglobin level cannot be indicative of body iron status, it is 

necessary to measure iron stores frequently in the program of screening blood 

donors regardless of the hemoglobin concentration. For example, in first-time 

donors serum ferritin level should be assessed in order to inform us about the 

donor’s iron store basis. In frequent donors, especially female donors, ferritin 

levels should be evaluated at appropriate intervals, in order to determine blood 

donation effects on iron stores. This evaluation can be conducted at least once a 

year for each donor, or after 6 donations for male donors, and after 4 donations 

for female donors. 

2. Decision for Blood donation should not be only based on measuring hemoglobin 

level before donation, and the measured serum ferritin for the permitted blood 

donation should be considered too. 



3. Auxiliary supplemental iron could be given along with adequate training to 

donors who have lip hemoglobin border or their ferritin level is low. 

4. Directory of the blood donation in Germany considered the annual allow able 

blood drive in men and women is about 3000 and 2000 ml, respectively. 8 week 

minimum distance allowed between two donations. It seems that not all of donors 

can replace iron lost in this meantime. Therefore, increasing the interval between 

successive donations can be another effective strategy for restoring iron in many 

donors.     
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