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Background. Several studies have raised concerns that future demand for blood products may not 
be met. The ageing of the general population and the fact that a large proportion of blood products is 
transfused to elderly patients has been identified as an important driver of blood shortages. The aim 
of this study was to collect, for the first time, nationally representative data regarding blood donors 
and transfusion recipients in order to predict the future evolution of blood donations and red blood 
cell (RBC) use in Switzerland between 2014 and 2035.

Materials and methods. Blood donor and transfusion recipient data, subdivided by the subjects' 
age and gender were obtained from Regional Blood Services and nine large, acute-care hospitals 
in various regions of Switzerland. Generalised additive regression models and time-series models 
with exponential smoothing were employed to estimate trends of whole blood donations and RBC 
transfusions.

Results. The trend models employed suggested that RBC demand could equal supply by 2018 
and could eventually cause an increasing shortfall of up to 77,000 RBC units by 2035. 

Discussion. Our study highlights the need for continuous monitoring of trends of blood donations 
and blood transfusions in order to take proactive measures aimed at preventing blood shortages in 
Switzerland. Measures should be taken to improve donor retention in order to prevent a further 
erosion of the blood donor base. 
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Introduction
Several studies have raised concerns that the future 

demand for blood products may not be met. The 
ageing of the general population has been identified as 
an important driver of blood shortages because large 
proportions of blood products are transfused to elderly 
patients whereas blood is primarily donated by younger 
age cohorts1-9. 

So far, studies have reported demography-induced 
increases of red blood cell (RBC) demand in Australia, 
Germany, France, England and Wales, Ireland, Italy, 
Japan, Canada, Poland, Russia and the United States of 
America1,2,4-7. Only one study that assessed future RBC 
use in the Netherlands showed a declining trend of RBC 
demand despite an ageing population3. 

Forecasts of population growth by the Swiss Federal 
Statistical Office indicate that, in 2035, more than 1 
million men and 1.2 million women in Switzerland 

will be 65 years or older10. Thus, the absolute number 
of older people in Switzerland will have more than 
doubled between 1996 and 2035. Although demographic 
change in Switzerland may have a substantial impact 
on RBC demand, no study has so far assessed future 
RBC demand and supply in Switzerland. Moreover, 
results from previous studies are not easily transferable 
between countries. Despite their similar socioeconomic 
and demographic backgrounds, Denmark, Austria, 
Switzerland, and the Netherlands differed considerably 
with respect to the number of transfused RBC units per 
1,000 population in 2008 (60, 53, 41 and 34, respectively) 
and the corresponding number of blood donors per 
1,000 population (46, 41, 33 and 24, respectively)11. 
Furthermore, most previous studies extrapolated RBC 
use based on constant RBC transfusion rates1,2,4-7 and 
only one study included trends in RBC use3. However, 
several studies have shown that recent implementation 
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of restrictive transfusion strategies and patient blood 
management (PBM) schemes is associated with a 
reduction in transfused blood products and transfused 
patients, while mortality and overall morbidity seemed 
to be at least comparable12-19. Consequently, studies that 
used constant transfusion rates to forecast future demand 
may have substantially overestimated RBC demand. 
Finally, Switzerland currently lacks national data to 
assess future demand and supply of blood products, 
i.e. no national datasets are currently available that 
include age-specific and gender-specific information 
on transfused patients as well as whole blood donors 
in Switzerland. 

Our study aims were to: (i) establish nationally 
representative datasets on age-specific and gender-
specific use of blood products and whole blood 
donations in Switzerland and (ii) assess future RBC 
demand and supply in Switzerland by taking into account 
demographic trends as well as trends in RBC use. 

Materials and methods
Transfusion data

Aggregate data on the total number of blood products 
issued in Switzerland by the Regional Transfusion 
Services SRC from 2003 to 2013 were obtained from 
Swiss Transfusion SRC. Corresponding anonymised 
microdata on transfused blood products divided 
according to the age and gender of the recipients were 
derived from a sample of nine large, acute-care hospitals 
which accounted for 19% of total national blood product 
use. In order to describe blood products and blood 
product recipients in Switzerland by age and gender, 
data from the included hospitals were extrapolated to 
the national level by weighting the transfused blood 
products, i.e. weights were calculated by dividing the 
total number of blood products issued per product type 
and year by the corresponding number of transfused 
blood products. Consequently, age-specific and gender-
specific national counts of blood products and blood 
product recipients represent weighted counts. National 
RBC, platelet and fresh-frozen plasma transfusion rates 
were calculated as the mean number of units transfused 
per 1,000 inhabitants per age group and gender. 

Since participating hospitals reflect a non-random 
sample, microdata on transfused blood products 
were cross-validated using comparable data from the 
Netherlands9.

Donation data
In Switzerland, Swiss Transfusion SRC and the 

Regional Blood Transfusion Services SRC (RBS) are 
the only institutions entrusted with the collection of 
homologous blood donations by the Swiss government. 
We obtained aggregate data on the total number of 

whole blood donations from 1996 to 2013 from Swiss 
Transfusion SRC. Corresponding anonymised microdata 
on whole blood donors aged between 18 and 69 years 
and successful whole blood donations divided by the 
donors' age and gender were obtained from 11 of 13 
RBS. On average, the included RBS sample accounted 
for 87% and the non-reporting blood centres for 13% 
of national whole blood donations in the study period. 
Inverse probability weighting was used to extrapolate the 
data from the 11 RBS to the national level. Hence, age-
specific and gender-specific national counts of whole 
blood donations represent weighted counts. National 
whole blood donor and whole blood donation rates were 
calculated as the mean number of whole blood donors 
and whole blood donations per 1,000 inhabitants per 
age group and gender. 

Demographic data
The Swiss Federal Statistical Office (SFSO) provided 

past and future information on the age and gender 
distribution of the permanent resident population of 
Switzerland. We used the SFSO's reference scenario (A-
00-2010) which extrapolates past trends of mortality, birth 
rates and net migration to estimate the future age and gender 
composition of the population between 2014 and 203510. 

Red blood cell demand model
In order to predict future RBC demand in Switzerland, 

we assumed that future RBC use will not only be 
influenced by demographic factors but also by changes 
in clinical transfusion practice. In recent years, PBM 
has been implemented in many hospitals and several 
studies report substantial reductions in the use of blood 
products as a consequence of PBM12-19. 

In order to account for these trends, age-specific 
and gender-specific RBC transfusion data from 2003 
to 2013 were used and a generalised additive model 
was employed to estimate RBC transfusion rates as a 
function of age, gender and calendar year3. RBC demand 
in past and future years was estimated by multiplying 
age-specific and gender-specific transfusion rates by the 
corresponding population of permanent residents in the 
respective year and summing them. 

Furthermore, our model assumed that blood products 
transfused equal blood products issued, i.e. we assumed 
that all blood products delivered to hospitals were 
transfused and no loss occurred.

Whole blood donation model
Switzerland's total number of whole blood donors 

declined from 341,741 in 1996 to 198,406 in 2013 
and the respective whole blood donations declined 
from 576,529 to 322,910. Similarly, retention rates 
declined and the median transition time from active 
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to inactive whole blood donor was found to be shorter 
for more recent blood donor cohorts20. While most 
previous studies assumed constant whole blood donation 
rates1,2,4-7 or constant whole blood donor retention 
rates3, we suggest that assuming constant rates does 
not adequately capture recent trends in the Swiss 
blood donor population. Rather, the total number of 
blood donors reflects donor recruitment efforts and 
donor management by the blood banks as well as 
sociodemographic, socioeconomic and sociocultural 
changes in the general population. The latter changes 
include a growing number of immigrants, increasing 
population mobility, and decreasing participation in 
traditional volunteer organisations, all of which have 
been found to make recruitment or retention of blood 
donors more difficult4,21-24. 

Age-specific and gender-specific whole blood 
donations from 1996 to 2013 and exponential smoothing 
models (ETS) within a univariate time series framework 
were used to forecast whole blood donation rates25,26. We 
employed automatic selection of the ETS models, i.e. 
the algorithm selected an exponential smoothing method 
among 30 different methods that best fitted the data based 
on the Akaike information criterion26,27. Whole blood 
donations of future years were calculated by multiplying 
age-specific and gender-specific whole blood donation 
rates by the corresponding population of permanent 
residents in the respective year and summing them. 

Statistical analyses
We used Stata/SE Version 14 (StataCorp, College 

Station, TX, USA) for statistical analyses and for 
creating graphs. The whole blood donation model was 

created using the forecast library in R Version 3.2.3 
(The R Foundation for Statistical Computing, Vienna, 
Austria). For the RBC demand model, the "mgcv" 
library was used. 

Results
From 2003 to 2013, the Regional Transfusion 

Services SRC delivered 3,343,734 RBC units, 292,259 
platelet units and 710,699 fresh-frozen plasma (FFP) 
units to hospitals (Table I). Corresponding microdata 
obtained from the nine participating hospitals contained 
anonymised information on 179,748 patients who 
received 802,966 blood products (588,221 RBC units; 
78,395 platelet units; 136,350 FFP units). Overall, 
the included hospitals accounted for 19% of total 
national blood product use from 2003 to 2013 or, more 
specifically, 18% of RBC, 27% of platelet and 19% 
of FFP use. Figure 1 shows weighted national blood 
product use in Switzerland by recipient age and gender. 
With the exception of children at age 0, the use of RBC, 
platelets and FFP tends to increase substantially with 
age. From 2003 to 2013, 53% of all RBC, 60% of all 
platelets and 59% of all FFP were transfused to men. 
Moreover, recipients of 65 years or older received 62% 
of the RBC, 37% of the platelets and 45% of the FFP. 
Recipients between 45 and 64 years of age received 25% 
of the RBC, 37% of the platelets and 33% of the FFP. 

Overall, the median age of the RBC transfusion 
recipients increased from 70 years in 2003 (mean=65.6) 
to 73 years in 2013 (mean=68.5). The corresponding 
median age for men was 68 years (mean=63.8) and 71 
years (mean=67.3). For women, the median age was 73 
years (mean=67.2) and 75 years (mean=69.6). 

Table I - Coverage of blood product transfusions in the dataset compared to annual blood products issued (BPI) by the 
Regional Blood Transfusion Services SRC (RBS) in Switzerland1.

Blood products issued by RBS Blood product transfusions in dataset Fraction of BPI covered by dataset

RBC PLT FFP RBC PLT FFP % RBC % PLT % FFP

2003 308,965 18,590 81,267 43,892 4,262 12,857 14 23 16

2004 302,820 19,081 66,309 43,447 4,759 12,476 14 25 19

2005 301,340 19,814 73,125 48,013 4,563 14,285 16 23 20

2006 302,654 21,885 74,577 57,856 7,523 14,811 19 34 20

2007 308,470 22,937 69,822 58,549 7,965 14,933 19 35 21

2008 313,587 27,669 65,823 58,460 7,805 16,711 19 28 25

2009 311,580 29,654 70,353 60,185 7,795 11,055 19 26 16

2010 308,599 29,938 61,571 59,330 7,686 11,447 19 26 19

2011 308,627 33,676 53,937 57,277 8,503 8,935 19 25 17

2012 297,582 34,265 49,832 56,493 9,510 10,452 19 28 21

2013 279,510 34,750 44,083 44,719 8,024 8,388 16 23 19

Total 3,343,734 292,259 710,699 588,221 78,395 136,350 18 27 19
1An unknown but small fraction of BPI is not transfused to patients because of outdating, leakage, lost units and other reasons.
RBC: red blood cells; PLT: platelets; FFP: fresh-frozen plasma. 
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Figure 1 - Age distribution of blood product recipients 2003-2013.
 RBC: red blood cells; PLT: platelets; FFP: fresh-frozen plasma.

Figure 2 - RBC demand and whole blood donations 1996-2035.
 RBC: red blood cells; WB: whole blood.
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With annual differences of 0.2 to 6.3% between 
past empirical and predicted RBC demand from 2003 
to 2013, the model fit is adequate (Figure 2). Predicted 
RBC demand decreased by 18.6% from 287,789 to 
234,311 units between 2013 and 2035. The overall 
predicted transfusion rate decreased from 35.8 RBC 
units per 1,000 inhabitants to 26.5 RBC units per 1,000 
inhabitants. 

Conversely, predictions of RBC use with constant 
2013 transfusion rates resulted in an inferior fit and 
predicted an increase of RBC demand from 287,789 to 
414,992 units between 2013 and 2035. Constant 2003 
transfusion rates also resulted in an inferior fit whereas 
predicted RBC demand in 2035 was even higher than 
the demand based on constant 2013 transfusion rates 
(results not shown). 

Between 2013 and 2035 the predicted number of 
whole blood donations declined by 51.2% from 322,910 
to 157,550 or on average by 7,516 donations per year. 
Thus, predicted whole blood donations were declining 
much faster than predicted RBC demand. This trend 
suggests that RBC demand could equal supply by 2018 
and could eventually cause an increasing shortfall of 

up to 77,000 RBC units by 2035 if blood centres do 
not adjust their operations. If, however, whole blood 
donations could be sustained at constant 2013 rates, 
RBC demand would be met up to 2035. 

Predicted trends of RBC transfusion rates and whole 
blood donation rates are explored further in Figure 3. 
RBC transfusion rates reached their maximum at ages 
89 (men) and 88 (women) and continued to decline in 
all age groups over all years. For men, the maximum 
RBC transfusion rates were 305 (2005), 233 (2015), 
178 (2025), and 136 (2035) RBC units per 1,000 
inhabitants. Respective maximum RBC transfusion rates 
for women were 204, 159, 124, and 96 RBC units per 
1,000 inhabitants. Overall, whole blood donation rates 
also declined over all years but showed age-specific 
and gender-specific patterns. Donation rates of men 
first increased with age, reached a maximum around 
ages 45-50 years and then started to decline again. Over 
time, donation rates for younger men (18-24 years) were 
rather stable. Similarly, donation rates of men below 50 
years of age were rather stable from 2015-2035 while 
donation rates for men over 50 declined substantially 
over all years. For women, donation rates in past years 

Figure 3 - Red blood cell (RBC) transfusion rates and whole blood donation rates 2005-2035.
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Figure 4 - Fraction of red blood cell (RBC) transfused by age and gender 2005-2035.

Figure 5 - Fraction of whole blood donations by age and gender 2005-2035.
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first declined with age, then increased slightly, and then 
decreased again. However, predicted donation rates 
2025-2035 first declined, reached a nadir at around 47 
years of age and then increased again. In contrast to 
donation rates for older men, the rates for older women 
(60-69 years) were rather stable and even increased 
slightly over time. 

Predicted changes in RBC transfusion rates and 
predicted changes in whole blood donation rates 
together with predicted demographic changes determine 
the age-specific and gender-specific composition and 
evolution of RBC transfusion recipients and whole 
blood donors. The proportion of RBC units transfused 
to men increased slightly from 52.1 (2005) to 54.6% 
(2035). For men and women, the predicted fraction 
of RBC units transfused to older people increased 
substantially (Figure 4). In 2005, 62.8% of RBC units 
were transfused to recipients 65 years of age or older 
and 23.9% were transfused to recipients 80 years or 
older. Respective fractions for the 65+ (80+) age groups 
were 66.1% (25.7%), 70.0% (29.0%), and 75.3% 
(33.3%) in 2015, 2025, and 2035. 

Similarly, the composition of whole blood 
donations divided by age and gender of the donors 
was found to evolve substantially over time (Figure 
5). The proportion of whole blood donations from 
women decreased marginally from 36.1 (2005) to 
35.5% (2035). However, the fraction of whole blood 
donations in the age group 18-29 years increased from 
17.0% in 2005 to 26.8% in 2035 while the fraction of 
donations in the age groups 30-49 years and 50-69 
years decreased from 47.0 to 41.2% and from 36.0 to 
32.0% respectively. 

Discussion
In recent years, several studies have assessed 

future demand of blood products for Canada4, 
Germany5-7, Finland2, the Netherlands3, the United 
Kingdom1,8 or several countries at the same time2. 
With the exception of one Dutch study conducted by 
Borkent-Raven, Janssen and van der Poel3 and one 
study conducted in the North of England by Tinegate 
and colleagues8, all were assuming constant age-
specific and gender-specific transfusion rates and 
most of them predicted future RBC use based on only 
one observation year. However, the implementation 
of restrictive transfusion practice and PBM has 
reduced the average number of blood products used 
per patient in many clinical settings12-19, a trend that 
has been documented on a national level as well3,8. 
Consequently, the Dutch study found that modelling 
RBC demand using demographic data alone hugely 
overestimated future demand3. Our results confirm 
these findings for Switzerland. 

Red blood cell demand
Both, RBC demand and whole blood donation models 

assume that current trends continue into the future. More 
specifically, the RBC demand model suggests that the 
implementation of restrictive transfusion practices and 
PBM continues to lead to transfusion of fewer blood 
products and fewer transfused patients. Consequently, 
the trend in clinical practice counterbalances the 
demographic trend which suggests that an ageing 
population requires ever more blood products. The 
latter effect is illustrated in Figure 2 by the increasing 
demand of RBC when constant 2013 transfusion rates 
are assumed. These findings are in line with the results 
reported by Borkent-Raven and colleagues3. However, 
demographic trends such as the ageing population of 
a society can be predicted with less uncertainty than 
future developments in clinical practice. Moreover, it 
seems currently unlikely that transfusion rates will drop 
below a certain threshold in the near future, without 
putting the population at risk from undersupply. While 
the assumption of ever decreasing transfusion rates 
may be too optimistic, a more realistic scenario is that 
RBC demand continues to decline for some time and 
then, as soon as the threshold is reached, rises again 
due to the demographic trend. However, it is currently 
unclear where this threshold lies since comparable 
countries in Europe vary greatly with respect to their 
RBC transfusion rates. The most recently published 
EDQM country survey 2012 found that in Europe, the 
average reported use of RBC was 36 units per 1,000 
inhabitants with a median of 37 per 1,000 inhabitants28. 
Among comparable countries, the Netherlands 
reported the lowest RBC transfusion rate (27 units per 
1,000 inhabitants). Assuming that Switzerland's RBC 
transfusion rates will approach at least 27 RBC units 
per 1,000 inhabitants, demographic trends could lead 
to an increase in RBC demand only after 2035 if the 
RBC transfusion rates continue to decline as projected 
by our demand model.

Whole blood donations
The blood donation model also assumed that 

past trends continue and hence, the number of blood 
donations continues to decline. Overall, the decline in 
the number of blood donations is partially attributable to 
the declining RBC demand of Swiss hospitals. The initial 
sharp drop in the number of whole blood donations from 
1996 to 2000 is mainly attributable to the sale of the 
Central Laboratory in Bern to Australian CSL Limited 
in 2000 which resulted in a marked reduction of blood 
plasma demand. However, even after the year 2000, the 
projected blood donations were declining much faster 
than the projected RBC demand. Yet, it is not very likely 
that the blood transfusion services will just sit there and 
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watch their donor base erode. Instead, it is reasonable 
to assume that the blood transfusion services will adjust 
their operations and take all measures to attract and 
recruit new donors, and to improve donor retention 
in order to stop or mitigate any further erosion of the 
blood donor base. In the past years, the number of blood 
donations has not been much affected by demography or 
donor recruitment but rather by donor retention. While 
the number of first-time donors per 1,000 inhabitants 
and the number of whole blood donations per donor 
(1.69 and 1.63 in 1996 and 2013, respectively) remained 
relatively stable over a long period, the number of repeat 
donors, and consequently the number of total donors per 
1,000 inhabitants, declined from 48 donors per 1,000 
inhabitants in 1996 to 31 and 25 donors in 2003 and 
2013, respectively. As the number of blood donations 
from the middle age group 26-40 years declined between 
1996 (34.2%) and 2013 (24.0%) and new blood donors 
were mostly recruited from the younger population, 
the fraction of whole blood donations in the age group 
18-29 years is predicted to increase from 17.0% in 2005 
to 26.8% in 2035. 

In line with these findings, a study focusing on 
active to inactive donor transition in the Basel region 
showed that the proportion of inactive donors after 
just one blood donation increased in successive donor 
cohorts and similarly, the median active to inactive donor 
transition time markedly decreased20. Consequently, the 
RBS and Swiss Transfusion SRC should specifically 
develop and implement strategies that improve donor 
retention in order to prevent a further decline of their 
donor base. Moreover, the impact of demographics on 
the blood donor base is likely to increase in the near 
future and beyond. The blood-dependency ratio, i.e. the 
ratio of the age-eligible to the age-non-eligible donor 
population, was approximately 0.44 between 1996 and 
2013: in other words, for every 44 age-non-eligible 
inhabitants, there were 100 age-eligible inhabitants aged 
between 18 and 69 years (eligible donor age limits in 
Switzerland). By 2035, the blood-dependency ratio will 
have increased to 0.55 which suggests that the burden 
on blood donors will increase. Moreover, decreasing 
proportions of age-eligible blood donors could make 
recruitment of new donors more difficult and retention 
and motivation of existing donors more challenging. 
Furthermore, sociodemographic changes may further 
intensify the challenges that blood establishments will 
have to face. Over the last decade, Switzerland has 
seen a pronounced population growth of roughly 1% 
per year29, mainly due to immigration. Immigration, 
however, may pose a double challenge. On the one hand, 
studies found that immigrants and ethnic minorities 
have a lower propensity to donate blood4,21-23. On the 
other hand, the demand for certain (rare) blood groups 

could increase as people from African or Asian descent 
more often have O-positive or B-positive blood groups. 
At the same time, they have a higher risk of sickle-cell 
disorders and thalassaemias30. 

Implications
Given that blood establishments in Switzerland 

are constantly adjusting their strategies and actions in 
order to meet the demand for blood products, our whole 
blood donation model is probably too pessimistic and 
the "truth" may lie somewhere between the number of 
donations expected by our trend model and the model 
with constant 2013 donation rates. Consequently, it is 
very likely that the potential gap between RBC demand 
and supply can be closed. However, the number of 
blood transfusions and the number of blood donations 
should be closely and continuously monitored in order 
to prevent blood shortages. 

To sum up, our study suggests that if current trends 
of RBC demand and whole blood donation continue, 
RBC demand could equal supply by 2018 and could 
eventually cause an increasing shortfall of up to 77,000 
RBC units by 2035 if blood centres do not adjust their 
operations. However, the assumption of a continuing 
trend of declining rates of RBC use over more than 20 
years seems overly optimistic, while it seems overly 
pessimistic for the number of whole blood donations 
made. A more realistic scenario would be that RBC 
transfusion rates will reach a threshold were no further 
decline is possible without putting the population at risk 
of undersupply. At the same time, adaptive strategies 
and measure taken by blood establishments are likely to 
stop the erosion of the blood donor base which, in turn, 
increases the likelihood that RBC demand can be met. 

Strengths and limitations
It is a strength of our study that large data samples 

were used to compile whole blood donor and transfusion 
recipient datasets weighted to the national level by 
year, age and gender and that these datasets could be 
subsequently used to assess past and future trends of 
blood product use and whole blood donations. 

Our study does, however, have several limitations that 
need to be taken into account. Firstly, the participating 
hospitals reflect a systematic, non-random sample and 
hence microdata on transfused blood products divided by 
the subjects' age and gender may be biased. However, the 
participating hospitals included one university hospital 
(out of 5) and eight large cantonal or regional hospitals 
(out of 34) that accounted for 18% of national RBC use. 
Furthermore, all language regions were covered. With 
the exception of neonates, who were underrepresented in 
our dataset, we found that the age-specific distribution of 
RBC use by gender was very similar to the distribution 
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reported by the Dutch PROTON study9. The latter 
suggests that despite the non-random sample, the data 
have substantial credibility. 

Secondly, we assumed that all RBC issued by the 
RBS were actually transfused to patients in hospitals. 
However, blood products may not have been transfused 
because of outdating, leakage or lost units and we may, 
therefore, have slightly overestimated the number of 
transfused RBC.

Thirdly, time-series data for RBC use were available 
for the period 2003-2013 only. However, our whole 
blood donation data suggest that RBC use from 1996 
to 2003 was substantially higher than after 2003. 
Consequently, we may have underestimated the yearly 
decline in RBC transfusion rates. 

Fourthly, our RBC demand and whole blood 
donation models both assume that current trends will 
continue. However, it is not clear whether future clinical 
transfusion practice will continue to reduce the number 
of RBC needed or whether new therapies will even 
lead to an increased RBC demand or whether RBC 
transfusion rates will remain constant, once that a certain 
threshold is reached. Similarly, blood establishments 
and their recruitment and retention strategies and 
programmes will have an impact on the future number 
of blood donors and blood donations. 

Fifthly, many interdependent and dynamic factors 
affect both the supply of and demand for RBC. Hence, 
future trends in blood use may be impossible to predict 
with any mathematical model. 

Conclusions
Our study highlights the need for continuous 

monitoring of trends in blood donations and blood 
transfusions in order to take proactive measures aimed 
at preventing blood shortages in Switzerland. Measures 
should also be taken to improve donor retention in 
order to prevent a further substantial erosion of blood 
donations and the blood donor base. 
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