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SUMMARY

Blood components collected from blood donors are an invalu-
able part of modern-day medicine. A healthy blood donor pop-
ulation is therefore of paramount importance. The results from
the Danish Blood Donor Study (DBDS) indicate that gender,
number of previous donations, time since last donation and
menopausal status are the strongest predictors of iron deficiency.
Only little information on the health effects of iron deficiency in
blood donors exits. Possibly, after a standard full blood dona-
tion, a temporarily reduced physical performance for women is
observed. However, iron deficiency among blood donors is not
reflected in a reduced self-perceived mental and physical health.
In general, the high proportion of iron-deficient donors can be
alleviated either by extending the inter-donation intervals or
by guided iron supplementation. The experience from Copen-
hagen, the Capital Region of Denmark, is that routine fer-
ritin measurements and iron supplementation are feasible and
effective ways of reducing the proportion of donors with low
haemoglobin levels.
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Iron deficiency among blood donors has been recognised as a
serious problem within the blood-banking community. Numer-
ous studies have showed that blood donors are at an increased
risk of developing iron deficiency and consequently iron defi-
ciency anaemia, which may lead to donor deferral. In addition,
not only iron is pivotal to the development of erythrocytes, but
it also impacts the other aspects of human physiology. Several
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screening tests for iron stores have been conducted, and differ-
ent ways of mitigating the risk of iron deficiency in blood donors
have been constructed. In this review, we provide an overview
of the causes and consequences of iron deficiency and the ways
to detect iron deficiency in blood donors and introduce a pos-
sible way of managing iron deficiency in blood donors through
guided iron supplementation as illustrated by the Copenhagen
ferritin monitoring scheme.

BLOOD DONATION AND IRON DEFICIENCY

An estimation by the World Health Organization (WHO) shows
that blood is donated around 112·5 million times globally every
year from various types of blood donors (voluntary unpaid, fam-
ily/replacement and paid) (factsheet, 2016). The blood compo-
nents collected from these donors after processing are an invalu-
able part of modern-day medicine.

The safety and health of blood donors are therefore of
paramount importance. To optimise the general health of the
donor population, a better understanding of the health implica-
tions of blood donation is needed, especially with regard to the
effects of blood donation on the iron homeostasis.

Blood donation is associated with the loss of iron during full
blood donations and, to a lesser extent, plasmapheresis because
of blood drawn for laboratory analyses (Bier-Ulrich et al., 2003)
and blood loss during the harness and cell separation procedure
(Page et al., 2010). The exact loss of iron associated with a
donation of 450–500 mL whole blood is dependent on the Hb
concentration of the donor and has been estimated to be in the
range of 200–250 mg (Brittenham, 2011). Accordingly, high
prevalence rates of iron deficiency among blood donors have
been reported. Among the frequent donors in the United States,
27·1% of women and 16·4% of men had iron deficiency with
a ferritin level below 12 ng mL–1 (Cable et al., 2011). In the
Danish Blood Donor Study (DBDS), we reported that among
high-frequency donors, 39, 22 and 9% of pre-menopausal
women, post-menopausal women and men, respectively, had
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iron deficiency with a ferritin level less than 15 ng mL–1 (Rigas
et al., 2014).

Number of previous donations, time since last donation, sex
and menopausal status are the strongest predictors of iron defi-
ciency in a blood donor population (Rigas et al., 2014).

Iron deficiency is not only a problem within the
blood-banking community. Globally, iron deficiency is the
leading nutritional deficiency. Anaemia is a common man-
ifestation of iron deficiency, and it can therefore be used to
approximate the prevalence of iron deficiency. Specifically, it
may be assumed that roughly 50% of all cases of anaemia are
caused by iron deficiency ((WHO), 2007) and that these cases
represent 40% of the total iron-deficient population. It has been
estimated that up to 25–30% of the world’s population, 7·3
billion are anaemic (McLean et al., 2009), suggesting that the
number of iron-deficient individuals is in the order of 2·7 billion
individuals.

Because iron deficiency among blood donors is a result of
repeated donations and not part of general nutritional deficiency,
blood donors are feasible subjects to study the causes of iron
deficiency. Also, since repeated blood donors return to the blood
bank at regular intervals, this population is easily assessable in
order to study the health effects of iron deficiency.

CONSEQUENCES OF IRON DEFICIENCY

Iron is important for numerous physiological processes (Pan-
topoulos et al., 2012), and consequently, the manifestations of
iron deficiency may be many and diverse. Anaemia is the most
severe consequence of iron deficiency. In addition, iron defi-
ciency manifested as anaemia in pregnancy has been associ-
ated with negative perinatal outcomes, such as low birthweight
(Murphy et al., 1986; Scholl et al., 1992; Zhou et al., 1998), pre-
mature birth (Murphy et al., 1986; Klebanoff et al., 1991; Scholl
et al., 1992; Zhou et al., 1998) and perinatal death (Murphy et al.,
1986). Furthermore, studies indicate that children with iron
deficiency anaemia exhibit poorer scholastic achievements even
after therapeutic iron supplementation (Lozoff et al., 2000). In
iron-deficient but non-anaemic adolescent women, iron supple-
ments may improve fatigue (Krayenbuehl et al., 2011; Vaucher
et al., 2012). Iron deficiency may additionally compromise both
the innate and the specific immune systems through decreased
neutrophil function and bactericidal activity, depression of T
lymphocyte function, thymic atrophy and impaired natural killer
cell activity (Oppenheimer, 2001; Bergman et al., 2004; Ekiz
et al., 2005). However, clinically relevant immunological out-
come has yet to be determined.

In a blood donor population, little is known about the
clinical consequences apart from potential anaemia of the
phlebotomy-induced iron deficiency. In DBDS, we found that
iron deficiency evaluated as a ferritin level below 15 ng mL–1

predicts 0·25 mmol L–1 (95% CI: 0·22–0·28) and 0·35 mmol L–1

(95% CI: 0·28–0·42) as lower values of current haemoglobin
(Hb) levels for women and men, respectively. In addition, a
ferritin level below 15 ng mL–1 predicted a 1·81- and 2·20-fold

increased risk of a drop in Hb level of more than 0·5 mmol L–1

at subsequent donations for women and men, respectively
(Kotze et al., 2015). However, in DBDS, we found neither any
association between a low Hb level and the risk of a subsequent
infection nor any decline in Hb levels and risk of infections
(Kotze et al., 2016). Iron is an important element for bacteria
and depriving invading bacteria of iron is an established part of
the innate host defence (Cassat & Skaar, 2013). These opposite
directed effects of iron on the immune system may explain the
lack of association between low Hb levels and risks associated
with subsequent infections.

Iron supplementation for iron-deficient non-anaemic indi-
viduals has shown significant effect on endurance, athletic
performance and fatigue (Krayenbuehl et al., 2011; Vaucher
et al., 2012; Waldvogel-Abramovski et al., 2013). Even within a
blood donor population, a standard blood donation of 450 mL
may temporarily impair physical performance (Stangerup et al.,
2017). However, iron deficiency without anaemia is not asso-
ciated with reduced self-perceived health-related quality of life
(Rigas et al., 2015).

HOW TO SCREEN DONORS FOR IRON
DEFICIENCY

For evaluating iron stores, various methods, such as ferritin, zinc
protoporphyrin (ZPP) and soluble transferrin receptor measure-
ments, exist. Although these methods describe different aspects
of the iron homeostasis, they all give an indication whether iron
stores are absent or replete. Iron stores may be viewed as a con-
tinuum ranging from replete over low tissue iron storage to func-
tional iron deficiency resulting in anaemia.

The majority of blood banks screen for iron deficiency only
indirectly by means of applying an Hb cut-off for eligible donors.
However, a high proportion of blood donors are iron-deficient
despite the eligible Hb levels of blood donation (Baart et al.,
2013). Therefore, using Hb levels as the only screening method
is insufficient and will fail to identify the large number of
iron-deficient donors.

Likewise, conventional red blood cell indices, such as mean
corpuscular volume (MCV) and mean corpuscular haemoglobin
concentration (MCHC), will be reduced in the later stages of
functional iron deficiency. However, these two measures are
insufficient for the identification of blood donors with low
iron stores (Kiss, 2015). Similarly, with increasing functional
iron deficiency, zinc becomes an alternative substrate for fer-
rochelatase, resulting in increased amounts of ZPP (Labbe et al.,
1999). A previous study indicated that ZPP may perform better
when predicting future deferrals compared with ferritin (Kiss,
2015). However, in another study, the predictive effect of ZPP
on future deferrals could not be confirmed (Kiss, 2015).

The measurement of soluble transferrin receptor, which
reflects functional iron deficiency, is also a valid method for
measuring iron stores. The ratio of soluble transferrin receptor
to ferritin may aid in discriminating between functional iron
deficiency erythropoiesis and iron store depletion (Kiss, 2015).
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Ferritin remains a good and well-studied single marker of iron
stores in blood donors (O’Meara et al., 2011). Generally, a fer-
ritin level of less than 15 ng mL–1 is indicative of iron deficiency,
and in the absence of a co-occurring infection/inflammation
as is the case in healthy blood donors, a ferritin level above
100 ng mL–1 strongly suggests sufficient iron stores. Ferritin lev-
els between 30 and 100 ng mL–1 should be interpreted cautiously
since ferritin levels may rise during infection/inflammation
(WHO, 2001; (WHO), 2007). Therefore, the measurement of
another acute-phase reactant, such as C-reactive protein (CRP),
may be useful when evaluating the iron status with ferritin. How-
ever, in a European blood donor population, the association
between CRP and ferritin levels is weak and ferritin levels can be
interpreted without additional markers of inflammation (Rigas
et al., 2015).

Ideally, good prediction/risk analysis of which blood donors
are most likely to develop iron deficiency or be deferred because
of low Hb levels is needed. Genetic screening may be part of
predictive algorithms for iron deficiency in the future. However,
current data on the DBDS indicate that single-nucleotide poly-
morphisms (within the iron homeostasis) only have a minor
impact on ferritin levels (Sorensen et al., 2016). Likewise, a
larger genome-wide association study found that genetic poly-
morphisms only explained a small fraction of ferritin variation
(Benyamin et al., 2014). Therefore, more research on the causes
of iron deficiency in blood donors is warranted.

MANAGING IRON DEFICIENCY IN BLOOD
DONORS

In general, two different ways are used to deal with iron defi-
ciency in blood donors: either guided iron supplementation or
extending the inter-donation intervals. With regard to guided
iron supplementation, a screening method needs to be imple-
mented. Previous studies support the use of circulating ferritin
levels as a marker of iron stores (O’Meara et al., 2011). It is shown
that ferritin is stable in whole blood stored at 4 ∘C for up to 5 days
(Stone et al., 2016), adding to the feasibility of ferritin measure-
ment for monitoring iron stores in blood donors. Afterwards,
iron tablets may be distributed to donors by direct handling, by
mail or through collection at pharmacies. The preferred practi-
cal and economical approach needs to be decided by each blood
collection organisation. Whether the costs of ferritin measure-
ments and routine iron supplementation for blood donors with
low iron stores are recouped in terms of a lower rate of blood
donors being deferred cannot be determined without economic
analyses (Gorlin et al., 2016).

Extending the inter-donation interval will probably reduce
the risk of iron deficiency in blood donors. The REDS-II/RISE
study found that women with an inter-donation interval of
less than 19 weeks were at risk of iron deficiency compared
with women who donated blood at an interval of 26 weeks or
more (Cable et al., 2012). Accordingly, in DBDS, we found that
time since last donation was one of the strongest predictors
of iron stores (Rigas et al., 2014), indicating that adjusting the

inter-donation interval may be a feasible approach for the pre-
vention of iron deficiency among blood donors. Results obtained
from the INTERVAL trial evaluating the effect of different
inter-donation intervals will be of great interest (Moore et al.,
2014).

EXPERIENCE OF IRON SUPPLEMENTATION IN THE
CAPITAL REGION OF DENMARK

In Copenhagen, ferritin measurements and targeted iron sup-
plementation to blood donors at regular intervals were intro-
duced in 2012. However, the problem with low Hb levels among
blood donors possibly due to iron deficiency had been recog-
nised many years earlier. In 2004 to 2006, the number of blood
donors who were offered iron supplementation rose from 3 to
14% (Magnussen et al., 2008). The donors who were offered iron
supplementation at the blood collection sites in these years prob-
ably had either low Hb levels below the limit for donation or a
drop in Hb≥2 g dL−1 between donations. Of course, the increase
in iron-supplemented donors was not a reflection of an increase
in the proportion of iron-deficient donors in Copenhagen but
rather an increased awareness of the potential problem with iron
deficiency among blood donors. Between 1 July 2005 and 13
March 2006, 879 blood donors with Hb levels below or at the
accepted level for donation were enrolled in the iron supplemen-
tation study in the Capital Region of Copenhagen. The donors
in this study were offered 50 tablets of either 100 mg of elemen-
tal iron (JernC) or, in the case of abdominal discomfort, iron
bisglycinate chelate (25 mg of elemental iron; Ferrochel, Albion
Laboratories, Clearfield, UT). At all future donations, 20 tablets
were offered if plasma ferritin level at the initial investigation
was less than 50 ng mL–1. The donors also received a leaflet on
dietary enhancers and inhibitors of iron and general informa-
tion about iron deficiency (Magnussen et al., 2008). Donors with
unexplained anaemia (based on the medical history and fer-
ritin levels) were referred to their general practitioner. The study
found that with guided iron supplementation, ferritin and Hb
levels naturally improved without extending the donation inter-
vals that remained at a minimum of 3 months between full blood
donations. Furthermore, the cost-effectiveness of guided iron
supplementation was deemed effective (Magnussen et al., 2008).
However, a formal economic analysis was not conducted. After-
wards, the Capital Region of Denmark implemented the routine
measurement of ferritin levels on all first-time female donors and
on those with an Hb level below the acceptance limit for dona-
tion [Hb cut-off for women: 7·8 mmol L–1 (12·5 g dL–1) and Hb
cut-off for men: 8·4 mmol L–1 (13·5 g dL–1)].

From 2012, any first-time donor donating blood in the Cap-
ital Region of Denmark was screened for iron deficiency by
means of ferritin levels. If ferritin levels were in the range of
30–60 ng mL–1 (and normal Hb levels), the donor would be
offered 20 iron tablets at future donations. If ferritin levels were
below 30 ng mL–1 (and normal Hb levels), the blood bank would
send 60 iron tablets by mail to the donor and offer 20 iron tablets
at future donations. If Hb levels were below the acceptance level,
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a medical history would be obtained from a medical practitioner
and, if necessary, the donors would be referred to their general
practitioner. Otherwise, if no medical condition was suspected,
the donors were offered iron tablets depending on their ferritin
level (Magnussen & Ladelund, 2015). A special team led by a
senior medical consultant oversaw the ferritin screening pro-
gramme. The possibility for the team of accumulating experi-
ence in donor care and the ferritin screening programme have
led to the discovery of blood donors with early stages of can-
cer, which may be viewed as an extended medical donor care.
After 2 years of follow-up, the iron supplementation programme
concluded that the goal-directed iron supplementation led to a
general increase in blood donor Hb concentration and a reduced
proportion of donors with low Hb concentration (Magnussen &
Ladelund, 2015).

Currently, the guided iron supplementation programme is
still in place, and the other health regions in Denmark have
implemented similar routine ferritin measurements. Further-
more, the AABB (www.aabb.org) recently put forward an advo-
cacy of routine ferritin testing on female donors. From a practical
point of view, handling the goal-directed iron supplementation
programme in Copenhagen initially required extra resources
because of the high proportion of donors having either low iron
stores or low Hb levels. These donors were sent mailed-out infor-
mation and iron supplementation. However, with the increased
effect of the programme, the workload levelled off, and currently,
approximately 30% of women and 5% of men need iron sup-
plementation and general information (Magnussen & Ladelund,

2015). In summary, the senior medical practitioner in charge
of implementing the goal-directed ferritin monitoring scheme
concluded that even though the main goal was to keep donors
within our limit for Hb and ferritin levels, a main benefit of the
programme was to have a well-functioning programme for those
who fell outside of Hb and ferritin levels.

CONCLUSION

Iron deficiency is both a global health issue and a specific prob-
lem for blood donors. In general, either guided iron supplemen-
tation with screening for iron deficiency through ferritin mea-
surements or adjusting the inter-donation intervals may alle-
viate the high proportion of iron-deficient donors. The experi-
ence from Copenhagen, the Capital Region of Denmark, is that
guided iron supplementation is an effective strategy for avoiding
iron depletion.
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