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Forecasting Future Blood Supply and Demand in Iceland: 

A Nationwide Population-Based Study 

Joniada Dega 

June 2021 

 
Abstract 

An important resource of healthcare systems is blood transfusions, and it is crucial to 

maintain a safe and adequate supply of blood such that timely access is guaranteed. Studies 

have shown that a concerning risk that might disrupt the balance of blood demand and 

supply, especially in the years ahead, is the demographic changes since both blood 

transfusion and donation patterns vary by age, among other factors. However, very little 

data are available on the medium-, and long-term trends of blood transfusions and blood 

donations. In that regard, this study aimed to estimate the long-term effect of the changing 

demography on future blood supply and demand at the national level in Iceland. 

 

Based on blood donation data from 2016-2019, a statistical model is created to forecast 

potential blood supply and demand in Iceland for the next 40 years. Data is obtained from 

two primary sources to establish the model parameters. Data on the country's composition 

and population trends are gathered from Statistics Iceland's official website. Statistics on 

blood donations and transfusions are collected from the Icelandic Blood Bank. One of the 

key assumptions is that per capita blood supply and demand would remain stable over time. 

 

According to the main findings, the supply of whole blood units will increase steadily from 

2016 to the upcoming years, peaking in 2050 and then declining again. Demand for red 

blood cells will outstrip supply starting in 2028. Throughout the prediction era, there is an 

upward trend in demand for red blood cells.   

 

This thesis emphasizes the importance of ongoing monitoring of blood donation and 

transfusion patterns to take appropriate steps to avoid blood shortages in Iceland. More 

efforts should be made to increase the recruitment of female blood donors in Iceland since 

they continue to be significantly underrepresented. 

 

 

Keywords: Blood supply, blood demand, demographic changes, forecast, Iceland. 
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Spá um framboð of eftirspurn blóðs til inngjafar á Íslandi: 

Íbúatengd rannsókn 

Joniada Dega 

Júní 2021 

 
Útdráttur 

Mikilvægt úrræði í læknisfræðilegri meðferð er notkun blóðs og blóðhluta í meðhöndlun 

ýmissa sjúkdóma og þegar slys verða.   Þar gegna blóðgjafir lykilhlutverki svo hægt sé að 

viðhalda öruggri og fullnægjandi aðgengi að blóðhlutum þegar að á því þarf að halda. 

Rannsóknir hafa sýnt fram á ýmsa áhættuþætti sem gætu truflað jafnvægi á eftirspurn og 

framboði blóðs, þá sérstaklega þegar horft er til framtíðar, m.a. vegna lýðfræðilegra 

breytinga, sem munu eiga sér stað, þar sem aldur mun hafafa veruleg áhrif á mynstur 

blóðinngjafa og blóðsöfnunar. Það liggja fyrir mjög takmarkaðar upplýsingar um hver 

langtíma þróun blóðsafana og blóðinngjafa verða næstu árin og áratugina og því mikilvægt 

að bæta úr því. sérstaklega m.t.t. þess að meta langtímaáhrif breyttrar lýðheilsu á framboð 

og eftirspurn blóðs á Íslandi. 

 

Rannsókn þessi byggir á gögnum um blóðgjafir frá árunum 2016-2019, var tölfræði líkan 

útbúið til að spá fyrir um framboð og eftirspurn á blóði á Íslandi fyrir næstu 40 árin. Gögnin 

um landssamsetningu og mannfjöldaþróun var safnað frá vefsíðu Hagstofu Íslands. 

Tölfræðileg gögn um blóðgjafir voru fengin frá Blóðbankanum. 

 

Samkvæmt niðurstöður þessarar rannsóknar mun framboð heilblóðseininga aukast jafnt og 

þétt frá 2016 og síðan hámarki árið 2050 og minnka svo aftur. Hins vegar mun eftirspurn 

eftir rauðum blóðkornum verða mun meiri og frá og með árinu 2028 mun eftirspurnin verða 

meira en framboðið. 

 

Í ritgerðinni er lögð áhersla á mikilvægi áframhaldandi eftirlits með blóðgjöf og 

blóðgjafamynstri til að gera viðeigandi ráðstafanir til þess að forðast blóðskort á Íslandi. 

Leitast ætti eftir því og gera fleiri tilraunir til þess að auka framboð kvenkyns blóðgjafa á 

Íslandi þar sem að hlutfall þeirra er mun lægra en gengur og gerist í löndunum í kringum 

okkur. 

 

 

Lykilorð: Framboð blóðgjafa, eftirspurn blóðgjafa, lýðfræðileg áhrif, spálíkan, Ísland. 
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 “The goal of forecasting is not to predict the future but to tell you what you need to know to take 

meaningful action in the present.” 

 

– Paul Saffo 
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1  Introduction  
 

1.1 Background 

 

Blood is an essential health asset nowadays. Every year, millions of units of blood supplies are 

transfused to patients all over the world, with almost 21 million blood components transfused in 

the United States alone (as stated by the American Red Cross). [1] 

Blood is traditionally donated as "whole blood," but whole blood transfusions are no longer 

the norm. In current medical practice, a pint of whole blood or only the basic components of the 

blood are used to provide the patient's transfusion demands. Many patients may benefit from a 

single pint of whole blood donated in this way. RBCs, plasma, cryoprecipitate AHF, granulocytes, 

and platelets are the five most common transfusable components, which can be derived from one 

unit of whole blood. [1] 

Patients receive these components as part of normal care services or surgical procedures, 

as well as in emergency cases. For instance: 

Symptomatic anemia, acute sickle cell crisis, and acute blood loss of more than 30% of blood 

volume are treated with red blood cell transfusions. Anticoagulant symptoms are reversed with a 

fresh frozen plasma injection. In patients who suffer from thrombocytopenia or platelet function 

defects, platelet transfusion is used to avoid hemorrhage. Cryoprecipitate is used to treat 

hypofibrinogenemia caused by severe hemorrhage or consumptive coagulopathy. Thus, having a 

sufficient blood supply is important as the availability of the right blood products is critical. [2] 

  

Since humans are the only source of blood collection, blood is a scarce resource. Overall, 

there is a high demand for blood products and a small donor pool. The donor population varies by 

country, and there are substantial variations in the rates of blood donation, transfusion safety, blood 

transfusion indications, and the age group of transfused patients. As reported by the World Health 

Organization, approximately 118.4 million blood donations are acquired worldwide, with high-

income countries accounting for 40% of these. The foremost transfused cluster patient in high-

income nations is over 60 years old, accounting for up to 75 percent of all transfusions. Up to 54% 

of transfusions in low-income countries are for children under the age of five. Blood transfusion 
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is more widely used in developed countries for supportive treatment in cardiac surgery, organ 

transplants, severe trauma, and in therapy for neoplastic diseases of hematopoietic origin; 

contrarily, it is most used in developing countries to treat complications related to pregnancy and 

anemia in pediatrics. Another source of concern in developing countries is the high risk of 

transfusion-transmitted diseases and a scarcity of blood. [3] 

Aside from variations in blood collection and usage between countries, there has recently 

been a lot of discussion in the literature on how the demand and supply of blood products have 

shifted as demographic dynamics and medical practice have changed. For instance, even though 

China has the world´s highest annual blood donation volume and the number of voluntary donors, 

due to demographic changes, Yu et al. expected a decrease in blood supply and a rise in demand 

by 2036, compared to 2016. Instead of discussing solutions, they propose several broad strategies 

that they believe are critical to the future of China's blood service management. [4] 

In their simulation, Akita et al. predicted that a shortage of blood will arise in Japan. 

Insufficient blood donations were mostly due to a predicted decrease in the population of 20 to 30-

year old’s, a key donor demographic. They also emphasized the importance of developing a habit 

of donating blood at a young age to attract and sustain new donors. [5] 

Roh et al. concluded that due to a low birth rate, accelerated aging, and a rise in critically 

ill patients who need most of the blood supply, Korea could experience blood shortages sooner 

than anticipated. Furthermore, they stressed the importance of future efforts to encourage 

nationwide blood donation and the optimum use of blood in hospitals. [6] 

In Ontario, Drackley et al. predicted that considering existing age and gender-specific 

supply and demand patterns, demand for blood products would outstrip supply in the immediate 

future. This is attributed to demographic changes. [7] 

According to the findings of the 2015 NBCUS, both blood collection and blood usage are 

on the decline in the United States. The decrease in blood use is due to technological advancements 

and changes in medical practice aimed at reducing the demand for transfusions, as well as attempts 

to improve transfusion ordering and dosing. [8] 

Greinacher et al. concluded that blood donor patterns mirrored population shifts in 

Germany. They also noticed that changes in medical practice have a big impact on transfusion 

demand. [9] 
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Volken et al. reported a decrease in whole blood donations in Switzerland; however, they 

mentioned that this decline can be attributed to decreasing donor retention rates, rather than 

changing demographics. This pattern is offset by changes in medical practice, however, as 

Switzerland's changing demographics become more prominent, a supply-demand imbalance of 

RBCs may emerge. [10] 

Meanwhile, a few studies in Iceland support the findings of the above-mentioned studies. 

Both Jökulsdóttir and Jóhannsdóttir concluded that demographic changes would influence the 

supply and demand of blood products in Iceland in the future; however, Jóhannsdóttir identified 

clinical practice guidelines for blood transfusion as the primary cause of the decline in transfusion 

demand in Iceland, and hence a reduction in blood donations. [11] [12] To identify whether the 

trends for these inputs will continue in Iceland, it is necessary to gather more insights into blood 

supply and demand for blood products and thus, make more predictions. 

 

1.2 The Icelandic Blood Bank 

 

The Icelandic Blood Bank, a pillar of Iceland's healthcare system, was established in 1953 and is 

part of The National University Hospital of Iceland (Landspítali). IBB collects, sorts, analyzes, 

stores, and distributes blood components to all Icelandic health care institutions, following their 

specialized requirements. In addition to blood products, the Icelandic Blood Bank provides 

healthcare institutions with cell and tissue-based products intended for organ and tissue transplants 

and stem cell/bone marrow transplants.  

The roles of the Icelandic Blood Bank are:  

− to provide safe blood banking services nationwide 

− to educate the public and blood donors about the blood donation process 

− to promote innovation through research and development in its field and by collaborating 

with foreign and domestic parties 

IBB collects blood at its Snorrabraut headquarters, in a facility it leases at Akureyri Hospital, and 

on the road with a bloodmobile. The bloodmobile was a gift from the Icelandic Red Cross in 2002, 

serves in Reykjavík and the surrounding area, and occasionally covers Iceland's towns in the north 

and west. The bloodmobile is vital to the Icelandic Blood Bank's activities, not only because it 
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delivers a large amount of blood; but also, because it makes it easy to locate and attract potential 

blood donors. [13] 

 

1.3 Blood donation and blood donors in Iceland 

 

Blood donations in Iceland have a long history, with the first formal operation taking place in the 

1940s in Reykjavik with a blood donation team led by scouts. Only men were eligible to donate 

blood, and members of the blood donor committee were expected to live healthier lives, drink 

alcohol in moderation, and smoke little. [14] 

Today, nearly a quarter (2.5%) of the population of Iceland is listed as a donor. The 

majority of Icelanders (54%) have blood type O, and just 7% have blood type O-negative, which 

is emergency blood. As a result, the Blood Bank sets a high priority on attracting O-negative blood 

donors. Other blood types account for the following: Blood type A accounts for 33% of the 

population, blood type B accounts for 10.5%, while blood type AB accounts for 2.5%. In Iceland, 

about 15% of the people are RhD negative, while the other 85% are RhD positive. [15] 

The Icelandic Blood Bank can monitor supply so that it is following demand thanks to 

apheresis blood collection. ABC is a unique form of blood donation; instead of donating one pint 

of whole blood (as is customary), the donor donates specific blood components needed by patients. 

[16] 

According to the Icelandic Blood Bank, apheresis blood donation is only available to those who 

meet the following minimum requirements: 

- Must be in good health, not taking any medications, and between the ages of 18 and 65. 

- Comply with all the Blood Bank's medical criteria for whole blood transfusions. 

- Be at least 170 cm tall, 70 kg heavy, and have a blood volume of 4.5 liters. 

- Must have donated whole blood before without side effects and have healthy veins on both 

arms. [17] 

The need for various blood components differs; however, the subset of patients who undergo blood 

transfusions the most often are premature babies. They are more likely to get a blood transfusion 

than children born after a full-term pregnancy because they often suffer from anemia. The blood 

components are customized to their needs. For instance, the erythrocyte concentrate is divided into 

four equal-sized units, each containing 60-70 ml of erythrocyte concentrate, normally in the O 
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RhD negative blood type. By splitting the erythrocyte concentrate in this manner, two things are 

obtained. On the one side, each O RhD negative blood transfusion is used more effectively. On 

the other hand, every premature can obtain blood from the same blood donor up to four times. This 

promotes protection by exposing each premature to fewer "foreign" blood donors. [14] 

The Blood Bank requires about 12,000 blood donations a year, or 250 blood donations per week, 

to meet societal needs. Thus, a total of 6,000 to 8,000 active blood donors are contacted each year. 

[18] 

In 2017, 7,205 blood donations were collected from 13,977 individuals, with 1738 being 

new blood donations and 1,796 units collected being type O negative (emergency blood). 2,239 

patients received the donated blood, while 1,775 blood components were sent abroad. One-third 

(30%) of the blood donors were 30 years old or younger. Females donated far less blood than 

males, accounting for just 32% of all blood donations, while males accounted for 68%. [14] Since 

women are more likely to have low iron levels, they are underrepresented as blood donors. 

 

 

1.4 Purpose of the Study and Research Objectives 

 

The overall purpose of this study is to examine current trends in Iceland's blood supply and 

demand, identify the key demographic variables that influence these trends, and forecast what to 

expect in the future. 

 

The objectives of this thesis are as follows, to contribute to the attainment of the above-mentioned 

goal: 

 

1. Define the problem of demographic changes' influence on future blood demand and supply. 

2. Look into comparable research to find other reasons behind the trend of rising demand for blood 

component transfusions and the decline in blood donations. 

3. Create a forecasting model that is suitable to the current situation in Iceland. 

4. Present the findings of the forecast model. 

5. Conclude Iceland's circumstances and provide suggestions for the IBB. 
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1.5 Thesis Outline 
 

 

The following is how this thesis is organized:  

 

The first chapter provides an overview of the research and its significance. Furthermore, it gives 

a general background of the Icelandic Blood Bank, blood donation, and Icelandic donors. The 

research purpose is stated, as well as general research goals and questions. Assumptions, 

limitations, and the thesis outline are discussed. 

The second chapter provides a summary of future demographic patterns in Iceland, presents 

parallel studies on the population's future demand versus blood supply, and justifies the need for 

longitudinal research on this subject. 

The third chapter addresses and justifies the research approach and data collection methods to 

be used in this study. Details on sample collection and strategies are offered, as well as a 

methodology for quantitative data analysis.  

The fourth chapter begins by looking at current trends in Iceland´s blood supply and demand, 

followed by the introduction of the forecast model, which makes forecasts of Iceland´s blood 

supply for the next 40 years based on age, gender, and blood groups. In terms of validity and 

reliability, the shortcomings and potential issues of the forecast model are also addressed. 

The fifth chapter discusses the general underrepresentation of females in blood donations, with 

an emphasis on Icelandic women.  

The sixth chapter summarizes the results of the research. It yields conclusions that are tied to the 

research purpose and goals. Recommendations are made in light of these findings. 

The seventh chapter includes a list of the references cited in this work. The IEE referencing 

scheme was used. 

The eighth chapter contains supplementary information that may be useful in offering a more 

thorough interpretation of the study. 
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2 Literature Review  

2.1 Introduction 

 

The literature review for secondary data sources is conducted with one main goal in mind:  

1. Identify long-term studies that take both demographic and non-demographic factors into 

account when forecasting future blood demand and blood supply. However, a priority is 

put on long-term studies that make future projections for blood demand and supply based 

on demographic trends. 

  

This literature analysis was not comprehensive, but it did follow systematic standards. 

To find papers of interest, a search on this subject was conducted in the domestic and foreign 

literature, from January till February. A two-stage procedure was used to pick papers. 

 

In the first stage, key terms associated with and including demographic trends, forecast, 

population-based projections, blood supply, blood demand, blood transfusion, blood donation, and 

clinical practice were all created and inserted into PubMed, Medline, Google Scholar, and gray 

literature.  

 

In the second stage, exclusion and inclusion criteria were applied. Exclusion criteria for all 

searches involved studies primarily documenting a time period before the twenty-first century and 

studies from low- and middle-income countries. Inclusion criteria for all searches covered 

publications from 2001 to 2021, demographic data, time series, blood donation data, upper-middle 

and high-income countries, Icelandic, and the English language.  

 

To accomplish the goal, approximately 125 articles were collected, and about 75 were 

thoroughly read in full text after the title and abstract review. Among these papers, only 11 met 

the priority criteria, so they were carefully examined (see table 1, appendix). The gray literature 

yielded a selection of 10 essential articles. 
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2.2 Forecasting blood demand and supply: Similar studies 

 

After the literature review, it is found that the demand for blood has increased progressively over 

the last two decades, hence the disparity between blood demand and blood supply. 

  

Several studies have evaluated future blood product demand in Japan, [5] China, [4] 

Canada, [7] Germany, [19] Switzerland, [10] the United Kingdom, [20] the Netherlands, [21] 

Iceland, [11] Finland, or many nations at the same time.[22] 

 According to these studies, the rising need for blood product transfusions coincided with 

demographics trends. A drastic decrease in the birth rate, an increase in the elderly proportion, a 

fast increase in life expectancy, the increased diversity of countries' population, and negative 

migratory trends (young individuals, particularly females) are among the reasons for fast altering 

demographics. The donor population in various nations has shrunk as a result of these combined 

influences. 

For instance, Greinacher et al. state that in Mecklenburg-West Pomerania, after Germany´s 

reunification, there was a sharp drop in the birth rate, from 26,400 to 13,045 births between 1989 

and 2004; young people, mainly females migrated to western Germany, with a net loss of 8,584 

people in 2004, and the life expectancy for both genders had increased dramatically (5.1 for men, 

and 4.8 for women). [19] 

According to Ali et al., the worldwide proportion of people aged 65 and over is expected to jump 

from 7.7% in 2010 to 16.5 percent in 2050, with developed countries experiencing the largest 

increases. [22] 

As per Yu et al., cites that the share of the Chinese population aged 65 and over is expected to 

more than double from 10% (142 million individuals) in 2016 to 22% (309 million) in 2036. [4] 

Drackley et al. revealed that Canada welcomes more than 200,000 new immigrants each year, 

accounting for roughly 19 percent of the population in 2006. However, new immigrants had lower 

donation rates than native-born Canadians, which might be due to language and socioeconomic 

barriers, traditional beliefs, and health and safety concerns. [7] 

Volken et al. claim that immigration may present a twofold difficulty. On the one hand, immigrants 

and ethnic minorities are less likely to donate blood. On the other side, persons of African or Asian 

origin are more likely to have O-positive or B-positive blood groups, so demand for certain or rare 
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blood kinds may grow. At the same time, they are more likely to develop sickle cell disease and 

thalassemia.[10] 

  

However, there are other non-demographic trends mentioned in the studies that must be 

considered as well. An important note is that only the Dutch, Swiss and Japan studies incorporated 

the other non-demographic factors into their forecast model. Others only mentioned the factors but 

did not include them in their forecast models. 

  

Potential improvements in clinical practice, such as less invasive surgical techniques and 

intervention radiography, as well as efforts to optimize blood use, might assist to reduce blood 

need even more. According to Borkent-Raven et al., the continuance of this trend may offset the 

impact of shifting demography on blood demand. Furthermore, they discovered that donor 

retention rates and the influx of new donors via recruiting initiatives have a greater impact on the 

number of donations than general population demographics. As a result, the Dutch study revealed 

that relying just on demographic data to calculate RBC demand overstates future blood needs. [21] 

  

Similar results with the Dutch study were observed in the Swiss study conducted by Volken 

et al. The implementation of restrictive transfusion guidelines and patient blood management 

strategies has resulted in a decrease in the average amount of blood components used per patient 

in clinical practice. In Switzerland, the number of repetitive donors per 1,000 people fell from 48 

in 1996 to 31 in 2003 and 25 in 2013. According to Volken et al., the future number of blood 

donors and blood donations will be influenced by the recruiting and retention strategies and 

programs of blood establishments. [10] 

  

However, according to Currie et al., the increased use of therapies that need larger amounts of 

blood product, such as anemia-causing cytotoxic chemotherapy, which increases the need for 

transfusion, may counteract the benefits of blood-saving technology. [20] 

  

In Japan, Akita et al. used blood donation behavior transition probabilities by sex and age to predict 

the number of blood donations. It was shown that people in their twenties are more prone than 

others to modify their blood donation habits. A key factor that contributed to the overall decrease 
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in blood donations was that persons aged 20 to 39 had not developed a habit of giving blood in 

comparison to those aged 40 to 59. These findings indicate that blood donation campaigns have 

not been efficient in reaching the target group of people in their twenties; hence, developing a 

practice of giving blood among persons aged 20 to 39 years old may be an efficient technique for 

ensuring a steady supply of blood products. [5] 

 

The decreasing trend in donation frequencies by young people is also addressed by Drackley et al 

and Greinacher et al. 

According to Drackley et al., regardless of gender, older people are more likely to make 

several donations during the year (around three to four times). In contrary, younger people, 

particularly those aged 17 to 29, contribute only one to two times each year. [7] 

Greinacher et al., reveals that first-time donors tend to be younger in age. In the study 

conducted by Greinacher et al., more than half of first-time donors were between the ages of 18 

and 24, with only 3.3 percent being beyond the age of 55. The majority of repeat donors (50.9 

percent) were between the ages of 35 and 44, and 45 and 54. A notable result of this study was that 

18% of blood donors were 55 or older, and are likely to exit the blood donors pool within the next 

ten years. [23] 

  

An intriguing non-demographic trend observed by studies in Germany, Canada, and Iceland is the 

rising deferral of women from the donor pool.  

Drackley et al. reported in their results that females donated blood more frequently than 

males at first but then donated less frequently when they grew older. This is generally associated 

with pregnancy. [7]  

Greinacher et al. also addressed this issue in a 2010 study. According to this study, women 

are motivated for blood donation when they are 18–24 years old; however, they have the lowest 

donation rate when they reach the age range 25–34 years. This might be due to pregnancy, family, 

or work obligations, all of which are tough to make up for. This change, however, might also be 

caused by inadequate iron intake, resulting in iron deficiency. [23] 

  

According to Jökulsdóttir, women are only permitted to donate blood every fourth month, whereas 

males are permitted to give every third month. As a result, women can only donate three-fourth of 
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what males can. More blood supplies should be available if women can donate as frequently as 

males. The women's greater deferral rate is attributable to a higher frequency of iron insufficiency 

in Icelandic females. [11] 

 

In conclusion:  

− All studies predicted a rise in demand for blood component transfusions and a supply 

shortage.  

− The studies' most prevalent demographic trends were population aging, a decline in the 

birth rate and migration. 

− The most prominent other non-demographic trends presented in the studies were medical 

progress and improvements in clinical transfusion practice, a decline in donor retention 

rates by young people, and increasing deferrals from the donor population by women. 

− In terms of blood donations concerning age and gender, the most prominent quantitative 

result shown in the reviewed studies was that young adults (aged 18-24 years) made the 

most donations, and men donated more blood than women. 

− In terms of blood transfusions based on age and gender, the most notable quantitative 

finding revealed in the papers analyzed was that people aged 65 and over received the 

majority of blood component transfusions, and men received more blood transfusions than 

women. 

 

2.3 Overview of Iceland's demographic trends for the years 2020-2069 (sourced 

from SI)  
 

Every year, Statistics Iceland releases reports on population dynamics. In this paper, the data from 

the 2020 edition of the Statistical Series on population projections are used to analyze future 

population development. The projection span is 50 years and defines the population's size and 

structure in the future. The forecast is divided into three variants: low, medium, and high. Statistics 

Iceland did not attempt to estimate the likelihood of one projection variant over another. These 

projection variants are based on different statistical models regarding mortality, fertility, migration 

rates, and economic growth.  
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On January 1, 2020, Iceland´s population was 364,134. According to the medium and high 

projections by Statistics Iceland, the population will rise over the next 50 years as shown in [25, 

Fig.1].  In 2069, the medium projection estimates a population of 460,533 inhabitants, while the 

high projection estimates a population of 533,181 inhabitants. In contrast, according to the low 

projection, the population will begin to decrease a few years before the end of the forecast period, 

so the estimated population by 2069 is 393,578 inhabitants. The projected population growth 

amounts to 26% (medium), 8% (low), and 46% (high) respectively. This difference can be 

attributed to different assumptions regarding fertility and migration. [24] 

 

 
Figure 1: Population projections, three variants. [25] 

  

Over the course of the projection, the average age of mothers is set at 32 years. The fertility rate 

was 1.7 in 2019. The fertility rate is expected to be 1.7 (medium), 1.5 (low), and 1.9 (high) in 2069, 

according to long-term projections. [24] 

 

Long-term projections indicate a rise in mortality, which can be due to the increasing 

average age. Icelanders' overall life expectancy will rise, with men's life expectancy rising from 

79.9 years in 2020 to 84.4 years in 2069, and women's life expectancy rising from 84.1 years in 

2020 to 88.7 years in 2069. [26] 
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According to the high projection, the natural increase in population would be positive over 

the entire 50-year period, meaning the number of births per year will surpass the number of deaths 

per year over the whole period. This differs from the medium projection and, to a higher degree, 

from the low projection. According to the medium version of the population forecast, the number 

of annual deaths would surpass the number of births starting in 2061. This transition would occur 

in 2038, according to the low version of the forecast. [24] 

 

In the long-term outlook, all versions of the population projections display a positive net 

migration rate. Because of Iceland's large influx of foreign immigrants, it is estimated that 

immigration rates would surpass emigration rates. However, the number of Icelandic citizens who 

leave the country will continue to outnumber those who return. [24] 

The population pyramid is often used to explain changes in the gender and age distribution of the 

population. It depicts the number of men and women in each age group by year. As shown in [26, 

Fig.2], a rise in nearly every age group, but especially in the oldest. 

 

 
Figure 2: Population age pyramids 2020 and 2069, according to the medium variant. [26] 
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According to the projections, in the future, the gender composition will change such that men will 

outnumber women every year for the next 50 years. This pattern is attributable to many reasons, 

such as the disparity in birth rates between the sexes, death rates between the sexes, the different 

life expectancies of the sexes, and the different migration activities of the sexes. [24] 

 

During the prediction timeframe, the population's age distribution would change as well. 

Up to now, the number of young people has far outnumbered the number of older people. However, 

according to all versions of population projections, this will change. 

The age distribution is expected to shift so that by 2038, 20% of the population will be over 65 

years old, rising to 25% by 2064. Besides, after 2053, the older generation (over 65 years old) 

would outnumber the younger (less than 20 years old). [26] 

 

On January 1, 2018, young people (under the age of 15) accounted for 16 % of the European 

Union's population, while the older people (aged 65 and up) accounted for 20%. For the Icelandic 

population, the corresponding numbers were 19% for young people and 14 % for older people. 

Iceland's proportion of 0 to 15-year-olds will drop to 16 % by 2059, while the proportion of people 

over the age of 65 will rise to 20% in 2038. A third of Europeans would be over 65 by 2060, but 

just around a quarter of Icelanders will. [24] 

 

According to the findings of Statistics Iceland´s on national projections for the years 2020-

2069, the Icelandic population is aging, and population growth is sluggish. However, as opposed 

to the population of EU-27, the Icelandic population is now and will continue to be much younger. 

[26] 
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3 Research Methods 

 

3.1 Intro 

It has to be emphasized that this is an experimental research of the quantitative type. It fits in this 

category since it involves gathering of different sets of numerical data and prediction analysis of 

future blood donations and transfusions according to the Icelandic population. In this chapter, data 

collection and techniques used for analysis will be discussed in detail. 

 

3.2 Data collection 

The data needed to execute this study were taken from the Icelandic Blood Bank (IBB) and from 

the online webpage of Statistics Iceland (SI). [27] 

IBB is the sole supplier of blood products in Iceland. [28] This setting allowed for relatively 

easy access to the needed data since all the data exists in their records. From there two sets of data 

were taken: donation data that included information on the number of blood donations in Iceland 

ranging from 2008 to 2019 by gender, age, and blood type; and transfusions data that included 

information on the number of blood transfusions in Iceland ranging from 2008 to 2019 by gender, 

age, and blood type. All data were anonymous. The donation data are represented in the units of 

whole blood and red blood cells units apply to the transfusions data. 

Meanwhile another pair of data were directly retrieved from SI through statistics available 

online. One of the data set included information on the Icelandic population in the years 2008- 

2019. These data were categorized by age and gender and defined the total number of Icelandic 

inhabitants. The other set consisted of forecasted data of the Icelandic population in the years: 

2020-2069. These years were taken in consideration for the purpose of using them in the forecasts 

of the blood related data. 
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3.3 Forecast methods and techniques 

 

3.3.1 Forecast model 

The data collected from SI were combined respectively with the data from IBB in order to build 

forecasts of future blood donations and transfusions for the years: 2020, 2030, 2040, 2050, and 

2060. The variables taken into account in the forecast model are age, gender, blood type and 

number of donations/transfusions. All the age-related data were sorted to 19 group ages of five 

years gap in order to proceed with the analysis. Meanwhile, donations will fall into categories 

between 18-65 years old as that is the age criterion in order to donate blood in Iceland.  

The data from IBB was cleansed using the Interquartile Range (IQR) method [29] in order 

to detect any outlier within the data. The formula for Outliers consists of:  

Lower Outlier = Q1 – (1.5 * IQR) and Higher Outlier= Q3 + (1.5 * IQR) 

Where Q1 is defined as the median of the lower half set of data and Q3 is defined as the median 

of the upper half set of the data. 

Any values that were not in the range of (Q1 - 1.5 IQR) and (Q3 + 1.5 IQR) was classified as an 

outlier, and thus removed. These cleansed data were then used for blood related predictions on 

average estimates.  

While for forecasts that include absolute numbers instead of average representation, all the 

outliers were replaced with median values as below:  

i. Searching and printing the 50th percentile values, or the median of data.  

ii. Searching and printing the 95th percentile values 

iii. Replacing all the values which are greater than the 95th percentile, with the median value.  

iv. Printing the final data after all the techniques applied for outlier treatment. 
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A calculation method explained below was used to predict the future blood supply and demand.  

Prediction of blood supply/demand:  

i. Per capita blood supply in different age groups = Blood supply/demand in different age 

groups of baseline year(s) ÷ Population in different age groups in 2016  

ii. Blood supply in different age groups in the forecast year = Per capita blood supply/demand 

in different age groups × Population in different age groups in the forecast year 

iii. Total blood supply/demand in the forecast year equals the sum of blood supply/demand in 

different age groups.  

The four recent years (2016-2019) of the blood related data were classified as baseline from where 

the mean was calculated and then used in the formula. It is proved that data from recent trend lines 

fit better to be used in the model.  

The model can be summarized in the following formula:  

 

𝑻𝒉𝒆 𝒂𝒗𝒆𝒓𝒂𝒈𝒆 𝒐𝒇 𝒅𝒐𝒏𝒂𝒕𝒊𝒐𝒏𝒔 𝒐𝒓 𝒕𝒓𝒂𝒏𝒔𝒇𝒖𝒔𝒊𝒐𝒏𝒔 𝒊𝒏 𝒃𝒂𝒔𝒆𝒍𝒊𝒏𝒆 𝒚𝒆𝒂𝒓(𝒔)

𝑻𝒉𝒆 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒊𝒏𝒉𝒂𝒃𝒊𝒕𝒂𝒏𝒕𝒔𝒊𝒏 𝒊𝒏 𝒃𝒂𝒔𝒆𝒍𝒊𝒏𝒆 𝒚𝒆𝒂𝒓 (𝟐𝟎𝟏𝟔)
 × 𝑻𝒉𝒆 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒊𝒏𝒉𝒂𝒃𝒊𝒕𝒂𝒏𝒕𝒔 𝒊𝒏 𝒕𝒉𝒆 𝒅𝒆𝒔𝒊𝒓𝒆𝒅 𝒇𝒖𝒕𝒖𝒓𝒆 𝒚𝒆𝒂𝒓   

 

 

3.3.2 Testing of the forecast model 

 

Testing the forecast is a crucial step. In order to find out whether the distributions of the actual and 

the projected amount of RBC units are significantly different, the Mann–Whitney U test will be 

used considering the nature of the data.  

The test was named after Henry Mann and Donald Whitney, but it is also known as the 

Mann–Whitney–Wilcoxon (MWW) test, after Frank Wilcoxon, who created a variant of it. The 

MWW test is a nonparametric statistical significance test used to determine whether two 

independent samples were drawn from a population with the same distribution.  

 

In statistical hypothesis tests, there are two types of hypotheses: 
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• The null hypothesis (H0) that proposes that there is no difference, effect, or relationship 

between certain characteristics of a population, variables or data-generating process. 

• The alternative hypothesis (H1) proposes that the effect or relationship exists, i.e., there is 

a difference. 

Upon implementing the test, a p-value will be returned that can be used to interpret the results. 

The p-value can be interpreted in terms of alpha, which is a chosen significance level. A commonly 

known value for alpha is 0.05, or 5 percent. If the p-value is less than 0.05, the test concludes that 

there is sufficient evidence to reject the null hypothesis and that the samples were likely drawn 

from populations of different distributions. Otherwise, the results are considered to be statistically 

non-significant if the p-value is greater than the significance level (0.05).  

A summary of possible p-value interpretations is given below:  

o p ≤ alpha: significant result, reject H0, distributions differ (H1). 

o p > alpha: not significant result, fail to reject H0, same distribution (H0). [30] 

The results from the MWW test can be found in section 4.2.  

 

 

3.4 Limitations and Assumptions  

 

Some factors that might impact blood supply and demand in the future are none other than the new 

advances in blood transfusion medicine that are currently being researched and developed and the 

technological developments in the field of medicine. For example, a better drug development, 

more advanced robotic surgeries or development of successful treatments and cures in the future 

will result in not as many patients that will need blood for different reasons. However, factors of 

various developments in the field of medicine that might happen in the future are not taken into 

the consideration for these forecast models. 

 

Assuming that the blood related data will have a similar trend in the future years, as it was in the 

last couple years, it was decided to use the mean units of four recent years in order to forecast. As 

for the population, the initial year of the baseline period for blood related data, 2016, was chosen 

as the population baseline to be used in the model.  

The main assumption suggests that the outcome is predicted to reflect a high blood demand in the 

future as a result of an aging population.  
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4 Results 

 

4.1 Actual trends in Iceland's blood supply and demand: 2008 – 2019 

 

The datasets from IBB contain information recorded systematically for a time frame of 11 years. 

First and foremost, visual representations of the actual data were built in order to get a better 

understanding of how donations and transfusions have been in this time period. Below are shown 

sections with the most highlighted info of the actual data.  

 

4.1.1 Blood donations and transfusions, Iceland, 2008 – 2019 

 

The first step of understanding the data was to focus on the absolute numbers of blood donations 

and transfusions registered at IBB. The graph in figure 3 displays the trendline of donations based 

on the total numbers of registered whole blood units per each year of the time frame selected. 

Between 2008 and 2019, a total of 142,733 units of whole blood were collected. It can be noticed 

that the largest collection of WBU was marked in 2008 (14170 units), which constitutes 

approximately 9.93% of the total WBU collected during the 11 years of time frame. It's also worth 

noting that the lowest collection was recorded in the year 2018 (10381 WBU), accounting for 

roughly 7.27% of the total WBU collected over time.  
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Figure 3: Registered blood donations at IBB for the time frame: 2008-2019. 

 

Meanwhile, the graph in figure 4 (below) displays the trendline of transfusions based on the total 

number of red blood cell units transfused per each year within the same time frame. A total of 

131,045 units of erythrocytes (red blood cells) concentrate were transfused between 2008 and 

2019.  Focusing on the trend alone, it can be noticed that it is similar with that of donations. 

Correspondingly, the highest and lowest records in this case were in parallel with those of 

donations, where the most transfused RBC units per year occurred in 2008 (13108 units ≈ 10.00% 

of the overall transfusions over time), while the least transfusions occurred in 2018 (9320 units ≈ 

7.11% of the overall transfusions over time). 
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Figure 4: Registered blood transfusions at IBB for the time frame: 2008-2019. 

 

In both cases of donations and transfusions the time series from 2008 till 2019 posed a generally 

downward trend line along the years with a noticeable slight increase from 2018 to 2019.  

 

4.1.2 Representation of blood's donations and transfusion by sex, Iceland, 2008 – 2019 

 

Another aspect of representing the data was gender wise. Based on the two sex variables: females 

and males, another pair of graphs were built to compare the distribution of these variables. The 

visualization of the blood donations with respect to sex is shown in the dual sided histogram, figure 

5 below. It can clearly be seen that males make up the majority of the donors registered each year 

following a pattern similar to that of the overall donations trendline in figure 3, while females 

remain in an almost constant range of roughly 2700 to 3000 WBU registered per year. Referring 

to 2008, which was the year of the largest WBU collection, there are 14170 WBU donations, of 

whom 11156 (78.73%) is represented by males and 3014 (21.27%) is represented by females. 
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However, the percentage of females started to slightly increase along the years, in an attempt 

towards more equalization. It's also worth mentioning that in 2017, the percentage of female 

donors marked the highest as 26.99% versus 73.01% of males, being the lowest recorded of all 

years.  

 
Figure 5: Registered blood donations at IBB between 2008 and 2019, females vs. males. 

 

In general terms, out of the 142,733 blood donations collected overall (2008-2019), approximately 

75.98% of these were given by male donors, and only about 24.02% were given by female donors. 

On the other hand, figure 6 displays the blood transfusions with respect to sex. In this case, the 

distribution between males and females was more even compared to that of donations in figure 5. 

Out of 129,011 RBC units transfused overall, 62,351 (48.33%) were received by females and 

66,660 (51.67%) were received by males.  



   

 

   

 

23 

 

 

 

 
Figure 6:  Registered blood transfusions at IBB between 2008 and 2019, females vs. males. 

 

There were two cases when females received more transfusions than males, in 2015 and 2016 with 

(50.18% vs. 49.82%) and (51.32% vs. 48.68%) respectively.  

 

4.1.3 Representation of blood's donations and transfusion by blood groups, Iceland, 2008–

2019 

Finally, but not least, the data were graphically displayed in terms of blood groups for both 

donations and transfusions. The graph in figure 7 displays the trendline of donations from 2008 to 

2019 based on the total amount of registered WBU, organized by blood groups per each year. A 

total of 142,719 WBU units were classified as donations by the eight most common blood types 

(A+, A-, B+, B-, O+, O-, AB+, AB-) within the time frame 2008-2019.  
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Figure 7: Registered blood donations at IBB per each blood group, 2008-2019. 

 

As the graph demonstrates, type O positive blood is the most common donated blood, which 

consists as approximately 43.51% of the overall blood donated. Two more groups, A positive 

blood and O negative blood followed behind by accounting for 26.17% and 15.13% of the total 

donations, respectively. Meanwhile, the rest of the groups consist of less than ten percent of the 

total. In addition, less than one percent of the donation data were classified as AB negative blood 

(approximately 0.39% of the overall), making it the least common blood type donated in the time 

frame as can be seen in figure 7. 

 The graph in figure 8 (below) displays the trendline of transfusions from 2008 to 2019 

based on the total amount of RBC units transfused with respect to blood groups per each year. A 

total of 129,358 RBC units were transfused with respect to the eight most common blood types 

(A+, A-, B+, B-, O+, O-, AB+, AB-) within the time frame 2008-2019.   



   

 

   

 

25 

 

 

 

 
Figure 8: Registered blood transfusions at IBB per each blood group, 2008-2019. 

 

Likewise, type O positive blood is also the most common transfused blood, which consists as 

approximately 45.60% of the overall blood transfused. This was followed by type A positive blood 

with roughly 29.04% of the total. The remaining categories each account for less than ten percent 

of the total. The least common type to be transfused was AB negative blood, accounting for only 

0.35% of all transfusions. 

 

4.2 Testing the forecast method  

 

After deciding on the forecasting approach, the next step was to put it through a validation test. 

This was necessary to do, in order to check the technique's accuracy before it could be applied on 

the future years.  

For this case, it was determined to perform the test in the year 2019. Since a four-year basis 

of recent time period was selected for the approach to calculate with respect to the future years, 
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the same was adopted for the testing. Then by following the formula in section 3.3, the registered 

number of average transfused RBC units of years 2013 to 2016 (similar time frame as the chosen 

baseline, 2016 to 2019) was used to predict the number of RBC units to be transfused in 2019. The 

predicted demand was then compared to the documented number of transfused RBC units in 2019. 

The illustration of the forecast method testing can be seen below in figure 9.  

 
Figure 9: A testing of the forecast model comparing the projected vs. the actual average of transfused RBC units in 2019 by age 

groups. 

 

 

Overall, the projection had a well fit with the actual data. In order to find out whether the 

distributions of the actual and the projected amount of RBC units were significantly different, the 

Mann–Whitney U or also known as Mann–Whitney–Wilcoxon (MWW) test was used. The test 

was implemented first by using the mannwhitneyu() SciPy function in Python. [30] 

By taking as arguments the two data samples of the transfusions, it returned a p-value of 

0.374 and a test statistic value of 169. The test failed to reject the null hypothesis (H0) and the p-

value strongly suggests that the sample distributions are the same, as is expected.  
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The MWW test was likewise executed in MATLAB using the MWWTEST function [31], that 

yields same results as the RANKSUM MATLAB function except that there is more output 

information. Since the test was using a large sample with more than 20000 possible combinations, 

the algorithm calculated the results based on a normal distribution approximation and returned the 

statistic U values, the mean, standard deviation, Z value, and p-values. The results can be seen in 

figure 10 below.   

 

 
Figure 10: Mann–Whitney-Wilcoxon test results 

 

The test concluded that the distribution of the registered and the forecasted amount of transfused 

RBC units were not significantly different, where both tests (one sided and two-sided) yielded p- 

values of 0.374 and 0.748 respectively compared to a significance level of 0.05. 

 

4.3 Forecast with respect to age groups 

 

Following the validation of the forecast model, the implementation started with year 2020 and was 

performed for every ten years till 2060. The IBB data from the four-year baseline (2016 – 2019) 

were used to build the forecasts in combination with the population data from SI. The starting year 

of the baseline selected in the blood data (2016) was also chosen as the baseline year of the 

population data as discussed in the forecast methods. In addition, the registered blood data of 2016 

were used across all blood data forecasts to show visual comparisons in the graphical displays.  

This section includes all the age-group forecasts for blood donations and transfusions that 

have been calculated. Across the section, population graphs built with the SI data are also displayed 
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in order to provide the reader with a good understanding of how group ages shift towards an older 

population along the years. It has to be noted that the forecasted data of population graphs for 

future years were already provided the SI data.  

 

4.3.1 Year 2020  

 

Population pyramids for Iceland in 2016 and 2020 are shown in figures 11 and 12, respectively. 

In these graphs, the actual percentage of population in Iceland (2016) and the forecasted percentage 

of population in Iceland (2020) are presented with respect to age groups and sex.   

For 2016, the total population was registered as 332,529 and it was forecasted to rise 

approximately 9.40% to a total of 363,786 in 2020. This turned out relatively accurate after 

checking the actual registered population of 2020, consisting of 364,134 inhabitants, which makes 

only a 0.096 percentage difference with the projected value.   

 
Figure 11: Actual percentage of population of Iceland by gender ang age group in 2016 
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Figure 12: The forecasted percentage of population of Iceland by sex and age group in 2020, a side-by-side comparison 

 
 

Comparing the info from figures 11 and 12, it was noticed that the predominant age group in 2016 

was 20-24 years old (7.48%) consisting of 3.85% males and 3.64% females of the total population. 

A predominant young age group applies for 2020 as well, where the group of 25-29 years old holds 

for 8.34% of the total population, 4.44% being males and 3.90% females. These young age groups 

are also evident in the illustrations above. For this time of period, the Icelandic population’s age 

distribution is rather predominant at young ages.  

Using the above population data were then combined with the blood related data, to make 

projections of blood donations and transfusions for the year 2020. The results can be seen in figures 

13 and 14 respectively.   
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Figure 13: An average representation of registered WB donations in 2016 vs. forecasted blood donations in 2020 by age groups 

 

By looking at figure 13, it is apparent that a visible difference between donations in 2016 and 2020 

starts at the age group 25-29 years old, continuing then to fluctuate and meet 2016 donations at 

50-54 years old category (which marks the highest peak of 2016), and finally proceeding then to 

decline. The highest peaks for 2020 donations are predicted to be at the group of 25-29 years old 

(with a mean of 293.87 WBU) followed closely by the group of 44-49 years old (293.84 WBU) 

with a percentage increase of approximately 18.02% and 14.78% respectively.  

Blood donations at the youngest age groups of donations, 15-19 years old (implying 18-19 years 

old) and 20-24 years old in 2020, have a 13.40% and 3.36% percentage decrease, respectively, 

compared with those of 2016 as can be seen also in the figure where they appear to be slightly less 

or equal at some points for those certain group ages. This decrease results as an effect of 

demographic changes with respect to age groups, since the population of these young groups did 

not change significantly with a 2.12% difference at maximum. Donations graphs below will reflect 

how these changes will continue to occur. 
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Figure 14: An average representation of registered RBC units transfused in 2016 vs. forecasted RBC units to be transfused in 

2020 by age groups 

Figure 14 demonstrates that the demand for transfusions will remain similar among young age 

groups between 2016 and 2020. However, the predicted demand in 2020 will surpass that of 2016 

at the age group of 55-59 years old with a percentage increase of 37.80%. The highest average of 

blood transfusions resulted at the age group of 75-79 years old with approximately 285.67 RBC 

units, while in 2016 it was registered for 80-84 years old as 239.8 RBC units.  

 

 

4.3.2 Year 2030 

 
The pyramid of forecasted population for Iceland in 2030 is shown in figure 15. The distribution 

is organized by age groups and displayed are the percentages of females versus males side by side.   

The total forecasted population by SI data was reported to be 384,539, which is approximately a 

15.64% increase since 2016. Visually comparing the pyramid graph of 2016 in figure 11 with the 
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2030 one, it can be noticed that the distribution levels have changed and have slowly shifted 

upwards, showing the majority in the middle group ages from 40 to 54 years old.   

 
Figure 15: The forecasted percentage of population of Iceland by sex and age group in 2030, a side-by-side comparison 

 

Indeed, the age range of 45-49 years old has the largest percentage in 2030 accounting for 6.98% 

of the total forecasted population where 3.73% are males and 3.25% are females. In this case, the 

structure indicates that the population has started to shift towards aging.  

 

Then using the above population data combined with those of 2016 and the blood related 

data, projections of blood donations and transfusions for the year 2030 were performed. The 

results can be seen in figures 16 and 17 respectively. 
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Figure 16: An average representation of registered WB donations in 2016 vs. forecasted blood donations in 2030 by age groups 

 
Predicted donations for 2030, suggest that the majority of donations will be provided by the middle 

age groups, with the highest peak at the category of 45-49 years old which had a percentage 

increase of 34.51% compared to 2016. In contrast, donations from young age groups appear to be 

even less than 2016. As mentioned in the previous donation graph, this results as an effect of 

demographic changes. The population of these group ages between 20 to 29 years old is predicted 

to decrease 4.07% in 2030 compared to 2016. Then this was reflected in the average donations of 

this age gap to decrease about 9.33% compared to 2016.   
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Figure 17: An average representation of registered RBC units transfused in 2016 vs. forecasted RBC units to be transfused in 

2030 by age groups 

Between 2016 and 2030, the need for transfusions will be similar among the first half of the age 

groups, as shown in figure 17. There appear to be some fluctuations between 40 to 54 years old 

until the demand for 2030 will gradually increase starting from the age group of 55-59 years old, 

exceeding that of 2016 by 45.22% in 2030. The age group 75-79 years old had the greatest average 

of blood transfusions, with roughly 443.97 RBC units, whereas in 2016, the highest peak was 

registered to be at 80-84 years old with 239.8 RBC units. 

 

4.3.3 Year 2040  

 

Figure 18 represents the population pyramid for Iceland in 2040. The percentages of females 

against males are displayed side by side in the distribution, which is arranged by age groups.  

According to the forecast in 2040 by SI data, the total anticipated population will be 404,951, 

representing a 21.78% increase since 2016.  The age group 55-59 years old will account for the 

biggest percentage of the total forecasted population, expressed as 6.62% with 3.12% females and 



   

 

   

 

35 

 

 

 

3.50% males.  When comparing this pyramid graph with the previous ones in 2016, 2020 and 

2030, it is apparent that the distribution levels keep shifting upwards, and generally there is less 

percentage of younger age groups.   

 

 

 
Figure 18: The forecasted percentage of population of Iceland by sex and age group in 2040, a side-by-side comparison 

 

Using the above population data combined with those of 2016 and the blood related data, 

projections of blood donations and transfusions for the year 2040 were performed. The results can 

be seen in figures 19 and 20 respectively. 
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Figure 19: An average representation of registered WB donations in 2016 vs. forecasted blood donations in 2040 by age groups 

 

Figure 19 shows that similarly with the previous donation forecasts, the middle age groups 

represent most of the donations, with the highest peak at the category of 45-49 years old yet again.   

Decrease in donations between 2016 and 2040 was noticed at the age groups 15-19, 20-24 and 25-

29 years old with a percentage decrease of 1.63%, 13.07% and 2.24% respectively.   
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Figure 20: An average representation of registered RBC units transfused in 2016 vs. forecasted RBC units to be transfused in 

2040 by age groups 

As indicated in figure 20, the need for transfusions will be similar throughout the first half of the 

age groups between 2016 and 2040. There appear to be some variations between 40 and 54 years 

old, but demand for 2040 will progressively increase beginning with the 55-59 year old age group 

by surpassing 2016 with 68.12%. The age group 75-79 had the highest average of blood 

transfusions (553.9 RBC units). 

 

4.3.4 Year 2050  

 

Figure 21 given below displays the forecasted percentage of population by gender and age group 

for Iceland in 2050.   

Based on the data available, the total population for year 2050 is predicted to go from 332,529 

inhabitants in 2016 to 419,671 inhabitants in 2050, representing an increase of 26.21 percent.  
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It is interesting to note that for this year, the predominant age group did not rise further but fell 

into two categories lower than that of 2040, being the age group of 40-44 years old and expressed 

as 6.42% of the overall forecasted population with 3.07% females and 3.34% males.   

However, a general comparison with the previous population pyramids from 2008, 2020, 2030 and 

2040 proved yet again that the pyramid shape has gradually changed upward towards the older 

ages.   

 

 
Figure 21: The forecasted percentage of population of Iceland by sex and age group in 2050, a side-by-side comparison 

 

Applying the above population data combined with those of 2016 and the blood related data, 

projections of blood donations and transfusions for the year 2050 were performed. The results can 

be seen in figures 22 and 23 respectively. 
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Figure 22: An average representation of registered WB donations in 2016 vs. forecasted blood donations in 2050 by age groups 

 
In year 2050 it is predicted that the average donations of the young age groups remain to be less 

than the registered donations in 2016 until they meet at 25-29 years old category which has only 

0.52% difference between years at this point. From there onward, the donations start to fluctuate 

but gradually increasing till the highest peak at 45-49 years old category with an increase of 

23.62% compared to 2016.   
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Figure 23: An average representation of registered RBC units transfused in 2016 vs. forecasted RBC units to be transfused in 

2050 by age groups 

Between 2016 and 2050, the need for transfusions will be similar across the first half of the age 

groups, as shown in Figure 23. Although there seems to be some differences between 40 and 54 

years old, demand for 2040 will gradually climb, beginning with the 55-59 year old age group, 

surpassing 2016 by 65.95%. The age group 75-79 is expected to receive the most blood 

transfusions expressed in average as 596.51 RBC units.  

 

4.3.5 Year 2060  

 

Proceeding to the final year of forecasting, below in figure 24 is displayed the pyramid graph of 

forecasted percentage of population by gender and age group for Iceland in 2060.   

The total population for year 2060 is anticipated to reach 429,658 inhabitants, representing an 

increase of 29.21% percent since 2016 (332,529 inhabitants). The predominant age group for this 

year is the category of 50-54 years old which accounts for 6.36% of the overall forecasted 

population with 3.29% males and 3.07% females.   
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The largest increase in the number of individuals occurs for the group age 75-79 years old, with 

only 7718 in 2016 to 22727 predicted for 2060. Meanwhile the most decrease in the number of 

inhabitants was noticed for the group age 20- 24 years old, from 24886 in 2016 to 22895 predicted 

for 2060.  

 

Visually comparing the pyramid with the previous population pyramids from 2008, 2020, 

2030, 2040 and 2015, it is evident that the aging structure of population keeps towards aging.   

 
Figure 24: The forecasted percentage of population of Iceland by sex and age group in 2060, a side-by-side comparison 

 

Following the forecasting formula by using the above population data combined with those of 

2016 and the blood related data, projections of blood donations and transfusions for the year 2060 

were performed. The results can be seen in figures 25 and 26, respectively. 
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Figure 25: An average representation of registered WB donations in 2016 vs. forecasted blood donations in 2060 by age groups 

 
Donations for the final year of forecasts (2060) represented by average estimates, are shown in par 

with 2016, in figure 25 above. Similarly with the previous donation forecasts, the young age groups 

remain lower than in 2016, until they meet at the group age of 30-34 years old. The middle age 

group (45-49 years old) accounts for the majority of donations with 36.12% increase since 2016. 
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Figure 26: An average representation of registered RBC units transfused in 2016 vs. forecasted RBC units to be transfused in 

2060 by age groups 

 

Similar to the previous transfusions graphs, year 2060 is expected to have a high demand for the 

old age groups, unlike young age groups. The highest peak is marked at 75-79 years old (with 

703.78 RBC units), see figure 26. This group age has posed the highest demand across the years.  

 

 

4.4 Forecast with respect to sex: 2020, 2030, 2040, 2050 and 2060 

 

The next factor to consider for future forecasts was gender. Forecasts for years 2020, 2030, 2040, 

2050 and 2060 with respect to sex (females and males) were built on a single graph for both 

donations and transfusions, figures 27 and 28 respectively. The registered data from 2016 were 

included as well for references.   

Looking at the dual sided histogram in figure 27, it can be seen that the distribution of 

males continues to make up the majority of the donors each year, similarly as in the actual data. 

Taking into account all of the expected blood donations data by sex for 2020, 2030, 2040, 2050, 

and 2060, there is a 25.30 percent (females) vs 74.70 percent (males) ratio.   
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The total WBU collection is predicted to rise every year until 2050, after which it will slightly 

decrease in 2060. This occurs because forecasts are based on demographics and are following suit 

of demographic changes taking into consideration that the overall population of (18-69) years old 

in 2060 is also decreasing. Referring to 2050, which was forecasted to be the year of the largest 

WBU collection, there is a 18.25% increase compared to the overall WBU collection 2016 and 

15.35% increase compared to that of 2019. The distribution represents 25.23% to be females and 

74.77% to be males.   

Even though the total WBU collection forecasted showed an increase every year with 

respect to both sexes, the distribution varies slightly.  The highest female percentage was predicted 

to be in 2060 (25.66%) and the lowest in 2040 (25.02%). In contrast, the highest male percentage 

was predicted to be in 2040 (74.98%) and the lowest in 2060 (74.34%). 

 

 
Figure 27: Forecasted blood donations for the years 2020, 2030, 2040, 2050 and 2060 vs. the registered donations in 2016 with 

respect to sex 
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Figure 27 below displays the forecasted blood transfusions with respect to sex. In this case, the 

distribution between males and females was more even with 47.89% of the overall forecasted data 

representing females and 52.11% representing males.  

 

 

 
Figure 28: Forecasted blood transfusions for the years 2020, 2030, 2040, 2050 and 2060 vs. the registered transfusions in 2016 

with respect to sex 

 

The highest demand for transfusions was predicted at 2060 with a 26.08% increase compared with 

the demand in 2016 (9533 RBC units) and 29.91% increase since 2019 (9252 RBC units). The 

approximate gender distribution for all years is expected to range as 48% (females) vs 52% 

(males). 
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4.5 Forecast with respect to different blood groups: 2020, 2030, 2040, 2050 and 

2060 

Finally, but certainly not least, forecasts for years 2020, 2030, 2040, 2050 and 2060 were 

performed with respect to different blood types for both donations and transfusions in figures 29 

and 30, respectively. 

 
Figure 29: Forecasted blood donations for the years 2020, 2030, 2040, 2050 and 2060 vs. the registered donations in 2016 with 

respect to blood groups 

 

The histogram in figure 29 displays the distribution of forecasted donations organized in the eight 

most common blood types (A+, A-, B+, B-, O+, O-, AB+, AB-) by showing the estimated number 

of WBU for each year. In addition, the total amount of WBU units registered in years 2016 and 

2019 were included for comparisons.  

As the graph demonstrates, type O positive blood remains the most common blood for all for years 

to come, consisting as approximately 42.73% of the overall forecasted blood donations per year. 

A positive blood and O negative blood follow behind by accounting for 25.55% and 16.95% of 



   

 

   

 

47 

 

 

 

the total forecasted donations per year, respectively. Meanwhile, each of the remaining blood 

groups account for less than 10 percent of the total. In particular, type AB negative blood holds 

only approximately 0.41 % of the total, making it still the least common blood type to be donated 

in the future. Year 2050 is proved yet again to be the year that accounts for the largest WBU 

collection. The percentage increase in WBU of type O positive blood increased by 16.78% and 

9.41% from 2016 and 2019 to 2050 respectively. However, it will slightly decrease in 2060 by 

0.44%. Similarly, type AB negative blood is expected to rise by 15.47% and 20.97% compared to 

2016 and 2019 respectively. It will then decrease by 0.44% in 2060.  

 

The graph in figure 30 (below) displays the distribution of forecasted transfusions 

organized in the eight most common blood types (A+, A-, B+, B-, O+, O-, AB+, AB-) by showing 

the estimated number of transfused RBC units for each year.  

 

 
Figure 30: Forecasted blood transfusions for the years 2020, 2030, 2040, 2050 and 2060 vs. the registered transfusions in 2016 

with respect to blood groups 
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Likewise, type O positive blood is also the most common transfused blood, which consists as 

approximately 46.59% of the overall blood transfused. This was followed by type A positive blood 

with roughly 28.91% of the total. The remaining categories each account for less than ten percent 

of the total. The least common type to be transfused was AB negative blood, accounting for only 

0.31% of all transfusions. 

4.6 Blood Supply versus demand 

 
This chapter serves as an overview of blood supply and demand in Iceland based on the data 

retrieved from IBB and SI.  

Using the same methods and formula given in section 3.1.1, forecasted blood supply and 

demand of Iceland were calculated accordingly, expect that in this case instead of the average 

numbers, the total numbers of donations or transfusions were used instead.  

 

 
Figure 31: Actual representation of blood supply vs. demand between 2008 and 2019, continuing with a forecasted version for 

the years 2020, 2030, 2040, 2050 and 2060 
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Figure 31 above, is a combination graph of past/actual blood demand and supply with forecasted 

amounts for each decade of the prediction era. As can be seen in the graph, a vertical dotted line 

is placed at the cross-over of the blood supply and demand, suggesting that the demand will 

outstrip supply in 2028. An extended version including forecast years from 2020 to 2069 is shown 

below in figure 32. 

 
Figure 32: An extended version of the forecasted blood supply vs. demand, 2020 - 2069. 

 
It can be seen that the demand for red blood cells rises significantly over the projected era. Starting 

with a 0.98% difference between the final values in 2028, this difference rises up to 55.23% in the 

final year 2069.  

In order to possibly delay the supply shortage, it was found out that the most efficient way 

is to increase the number of female donors with the intention of equalizing the distribution of males 

vs females, which was expressed as 73.10% versus 26.90% back in 2016 according to the data. 

Indeed, leveling the percentages with 50% per each, caused the supply shortage to occur later than 
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predicted, in this case in 2053. The first case scenario was to increase the female donors at 50% 

from the very starting year of predictions, 2020, which is shown in below in figure 33.  

 

 
Figure 33: Forecasted blood supply vs. demand, 2020 – 2069, with respect to sex equality of male and female donors (modification 

1) 

 

However, a scenario where IBB would have to equalize the WB donors between sexes by raising 

the percentage of females to 50% from the initial year of the forecasting period (year 2020 in this 

case), is likely not realistic considering all the limits that come from female donors.  

 

Therefore, a new modification was made with the plan of increasing the share of female 

donors by 1% every year until it reaches equalization (approximately 50%) with male donors. In 

our scenario, considering that 2016 - the baseline year, has a distribution of 26.90% (females) and 

73.10% (males), it was decided to increase the ratio of female donors at 27.90% in 2020, 28.90% 

in 2021 and so on. For instance, instead of 3147 WBU predicted to be collected by female donors 
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at 2020, a total of 4773 WBU shall be collected instead from this group (table 1 in the Appendix 

section covers info of these data). The 1% increase would continue until year 2042 as it would 

reach 49.90% for female donors. It was thus decided to keep this percentage for the next years: 

2042 till 2069, supposing that IBB would keep then an equal share of donors with respect to sex. 

This led to a new graph, figure 34, where the ‘new supply’ starts gradually rising until it steadily 

increases from 2042 (where equalization of sexes is met) onwards till it finally crosses the demand 

for blood in 2053.  

 

 
Figure 34: Forecasted blood supply vs. demand, 2020 – 2069, with respect to sex equality of male and female donors (modification 

2) 

 

The activization of more female donors by gradually increasing the percentage is more likely to 

benefit the Icelandic blood services.  
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5 Discussion 
 

It is generally assumed that the reliability of the forecasting model goes up to 2030 – 2040 which 

can be considered as useful information, but it has to be highlighted that predictions for 2050 and 

2060 might lack accuracy as the model is being ‘pushed too far’ into the future.  

 

5.1 A few notes on data analysis  

Below are given a few pointers related with the data analysis.  

Year 2020 was included in the forecasting list as the whole data set for this year was not 

yet prepared at the time of retrieving the original dataset from IBB and thus was not included as 

part of it. This way, a comparison of the 2020 forecast results can be made relative to the actual 

data in future work.  

It must be noted that the total number of transfused RBC units (131,045) mentioned in 

section 4.1.1 reflects transfusions that were performed for three categories: females, males and a 

group of individuals with unknown gender which are excluded in the sections of gender wise 

analysis. From 2008 to 2019, there were 2034 RBC units that belonged to the unknown gender 

since there were no gender records for this group on the data retrieved from IBB.  

 

5.2 Under-representation of females in blood donations 
 

A considerable factor that influences the male-female ratio is the ferritin levels in blood.  

Ferritin is a ubiquitous protein present in all cells that serves the purpose of being a storage 

unit of iron. Its protein shell is composed of 24 subunits surrounding an iron core that can store up 

to 4500 iron atoms. Small amounts of ferritin are secreted into the plasma of the body and in the 

absence of inflammation, the concentration of this plasma (otherwise known as serum) ferritin is 

positively correlated with the size of total body iron reserves.  

Studies suggest that ferritin concentration is a useful marker of iron reserves where low 

ferritin concentrations indicate deficient iron stores, whereas high ferritin concentrations indicate 

an excess of iron. [32], [33], [34] 
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On the other hand, it should be stressed that ferritin is also an acute‐phase reactant, meaning that 

its concentration rises during inflammation and no longer reflects the size of the iron reserve. In 

areas of extensive infection or inflammation, this makes interpreting normal or high serum ferritin 

readings problematic. [35], [32] 

 

According to WHO standards, it is stated that ferritin levels less than 15 μg/l in healthy 

individuals1 over 5 years of age and ferritin levels less than 12 μg/l in healthy individuals under 5 

years of age, indicate iron deficiency. [34] 

 

The risk of iron deficiency is common in whole blood donors; thus, it is carefully 

considered in all blood services. Depending on the situation, different countries have also 

undertaken deferral policies, such as for instance in the Netherlands, where a recent study has 

shown that donors were deferred for 6 or 12 months in case their ferritin levels were ≤30 or 

<15 μg/l respectively, even though their hemoglobin was above the threshold and they were 

eligible to donate otherwise. [36] 

 

Studies have shown that the whole blood donors who are particularly in risk of iron 

deficiency are the female donors, frequent donors, and donors failing their hemoglobin (Hb) 

screening test. Back in 2017, the Canadian Blood Services (CBS) increased the donation interval 

for female whole blood donors from 56 days to 84 days in order to reduce the risk of iron deficiency 

in these donors. [37] 

 

IBB performs ferritin measurements for all newly registered blood donors and in particular 

circumstances for active blood donors when there are frequent blood donations or decrease in 

hemoglobin. In a study by Gunnarsdóttir back in 2017, the iron status of Icelandic blood donors 

was examined and the iron deficiency frequency for two groups of donors categorized as new and 

active were determined with respect to females and males. The dataset consisted of ferritin 

measurements taken from the years 2015 and 2016. It was noted that the actual distribution of the 

ferritin levels in active blood donors did not represent its entirety due to the aforementioned reason. 

 
1 According to the study, a healthy individual is defined as an individual with physical well-being for their age and 

physiological status, without detectable diseases or infirmities. [34] 
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This led to the results showing that the mean ferritin levels in newly registered blood transfusions 

were significantly higher than in active blood transfusions.  

The study confirmed that the iron content of females was generally lower than that of males. Only 

9% of all measurements of active male donors were below 15 μg/l, while 26% of active female 

donors' ferritin values were below 15 g/l. When examining all measurements (female and male) 

performed on active donors, 15% were below 15 μg/l; approximately one third (29%) of all 

measurements were below 20 μg/l; and almost half (47%) of all measurements of female active 

donors were below 20 μg/l. However, it should be borne in mind that this did not represent all 

active donors of IBB at the time.  

In the newly registered donors, 22% of females showed values below 15 g/l and 35% of females 

measured below 20 g/l. Meanwhile only 1% and 2% of males had such results respectively. In the 

combined measurements performed on newly registered donors, regardless of sex, 11% were 

below the threshold defined by WHO (15 g/l) and 18% of newly registered donors were below 20 

μg / l. [38]  

Another recent study by Gestsdóttir, examined the iron deficiency of WB donors who had 

donated or had been newly registered at IBB over the years 1997-2018. In newly registered blood 

donors, 10.4% of females had iron deficiency and only 0.4% of males in this case (p <0.001). 

Meanwhile in active blood transfusions, the incidence of iron deficiency was 26.2% among 

females and 8.8% among males (p <0.001). According to the results, both at new enrollments and 

in active donors, the iron deficiency was higher among females than among males, while the 

incidence of iron deficiency was highest in young women. [39] 

These results indicate that iron deficiency is prone to females and that it can directly impact 

the male-female ratio of blood donations as it is important to prevent the development of iron 

deficiency and protect the health of the blood donors.  
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6 Conclusions and Suggestions for Further Research 
 

6.1 Findings Summary 
 

The findings highlight that continuous monitoring of blood demand and blood supply trends is 

essential for avoiding unexpected shortages or relatable problems in blood services by addressing 

the matter proactively. Such observations will enable possibilities to identify potential problems 

in advance, and thus, prepare immediate preventive measures and/or actions. 

 

 

6.2 Suggestions for Further Investigation 
 

 

In terms of suggestions, the Icelandic Blood Bank should explore various endeavors 

simultaneously:  

- enhance blood product monitoring and triage 

- increase blood donation by targeting and stimulating young individuals, particularly females  

- improve patient blood management procedures such as blood use and anemia control through 

training and increased education. 

 

However, the IBB must initially focus on minimizing the number of transfusions via better control 

over blood component demands.  There are several key ways for achieving this, including:  

a) Increasing compliance to best practices by giving physicians feedback on blood usage in 

their department compared to the national rate of blood use. Acquiring quantitative data on the 

destiny of blood products given to hospitals, basically, knowing ‘where the blood goes' in the 

hospitals, is required to reduce the number of transfusions.  

b) exploring and presenting new information from randomized trials about the optimal 

transfusion triggers in various clinical circumstances. 

c) benchmarking blood transfusion data from different countries may show possible areas for 

future blood usage improvement. 

d) using blood-saving devices during surgical procedures in hospitals. 

e) employing newer medications, especially chemotherapeutic agents, that have less severe 

hematopoiesis effects. 
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The Icelandic Blood Bank must actively and consistently monitor trends and changes in 

transfusion practice. Precise data on transfusion recipients are required for monitoring blood usage, 

estimating future blood need, and benchmarking. Future studies that advise proper blood usage 

and explore advances and trends in blood usage in diverse patient populations are recommended. 

 

More research is required owing to the projected demographic trends in Iceland, as well as 

the fact that relatively few studies have examined time series connected to blood donations and 

blood product transfusions. Aside from demographics changes, donor behavior and data on 

hospital transfusion, improvements in clinical practice, as well as information on policy changes, 

are critical. There is a specific need for research into etiological, clinical, and socioeconomic 

factors.  

 

This thesis seeks to enhance current perspectives on blood donations and blood product 

transfusions in Iceland, as well as to help in the research of future estimates of blood demand and 

supply related to demographics trends, not just in Iceland but, ideally, in other European countries 

as well. 
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[13] “Um Blóðbankann.” http://www.blodbankinn.is/um-blodbankann/ (accessed Apr. 30, 

2021). 
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Appendix  
 

 
Table 1: Literature Review Summary of 11 long-term studies that make future projections for blood supply and demand. 
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Table 2: Modification 2 scenario: Forecasted blood supply vs. demand, 2020 – 2069, with respect to sex equality of male and 

female donors 
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