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Abstract: The purpose of this review is to raise awareness about the frequently underappreciated association of blood donation with 
iron deficiency, and to describe methods for its prevention and management. Blood donors cannot expect any health benefits from the 
donation but have justified expectations of no harm. Iron deficiency without anemia (IDWA) and iron deficiency anemia (IDA) are 
common consequences of regular blood donation, and this activity is the most important factor affecting iron status in regular blood 
donors. Awareness of blood donation as a primary cause of sideropenia is surprisingly low among physicians. Blood donation 
screening identifies potential donors with IDA but is frequently inadequate to detect IDWA. For the assessment of body iron stores, 
plasma or serum ferritin, transferrin saturation (TSAT) and soluble transferrin receptors (sTfR) concentrations are the most widely used 
biochemical markers, although the percentage of hypochromic mature erythrocytes and the hemoglobin content of reticulocytes are 
also useful. IDWA can be prevented by limiting the total volume of blood collected, by iron deficiency screening and deferral of 
sideropenic donors, by prolonging the interdonation intervals, and by iron supplementation between donations. IDWA tends to be more 
prevalent in younger people, females, and high-intensity donors. A potentially effective strategy to address sideropenia in blood donors 
is serum ferritin testing, but this may lead to a higher rate of deferral. Most regular blood donors cannot replenish their iron deficit by 
an iron-rich diet alone and will benefit from low-dose oral iron administration with various commercially available products post- 
donation, a well-tolerated strategy. However, valid concerns exist regarding the possibility of worsening the iron overload in donors 
with undiagnosed hemochromatosis or masking the symptoms of a clinically important gastrointestinal hemorrhage or other under-
lying medical condition. Finally, educational efforts should be intensified to improve the awareness of blood donation as a primary 
cause of iron deficiency among physicians of all specialties. 
Keywords: blood donation, iron deficiency, iron deficiency without anemia, iron deficiency anemia, iron supplementation, transferrin 
saturation

Introduction
Voluntary blood donation is a selfless and irreplaceable act necessary to preserve the blood supply. Volunteer blood 
donors cannot expect any health benefits related to donation but have the reasonable expectation of no physical harm. 
Hence, maintaining donor health is no less important than ensuring a safe and continuous blood supply, and blood centers 
should explore screening programs for donors to improve their health, recruitment, and retention.1 In this regard, 
reducing and preventing possible side effects of phlebotomy without deterring current or future donors is crucial.

Considering the above, iron deficiency without anemia (IDWA) and iron deficiency anemia (IDA) are potential harms 
to regular blood donors, and it is the ethical duty of blood bank and other physicians (hematologists, general 
practitioners, etc.) to be aware of the risk of iron depletion in blood donors and evidence-based prevention measures 
and management of low iron stores.2,3 Donors’ behavior and genetic factors contribute to first-time donor iron status and 
hemoglobin, but iron supplementation is far more critical than subjects’ genetics in those donating frequently.4 The 
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purpose of this review is to raise awareness about the frequently underappreciated association of blood donation with iron 
deficiency and to describe methods for its avoidance and management.

Non-Anemic Iron Deficiency
Non-anemic iron deficiency or IDWA is a disease by itself that deserves prompt diagnosis and therapy.5 IDWA is 
especially frequent in women of childbearing age, who also may benefit from iron supplements. It can be suspected and 
diagnosed with a variety of indexes derived either from the full blood count or biochemical tests (ferritin, transferrin 
saturation, soluble transferrin receptors (sTfR), etc). IDWA has been associated with exercise intolerance, fatigue, 
reduced cognitive function, pica, and restless legs syndrome (RLS). It also impairs aerobic adaptation among previously 
untrained women and this is correctable with oral iron supplementation.6,7 In a study of 716 adolescent girls with IDWA, 
participants were randomly assigned to oral ferrous sulfate or placebo for 8 weeks. Post-intervention hematological 
measures of iron status were significantly improved in the treatment group, while girls receiving iron performed 
significantly better on a test of verbal learning and memory.7 Non-anemic women with unexplained fatigue may benefit 
from iron supplementation, but this effect is restricted to women with low or borderline serum ferritin.8 The beneficial 
effect of oral iron was also shown in a randomized, placebo-controlled, trial in France in 198 women aged 18–53 years, 
who complained of fatigue, had ferritin <50 μg/L and hemoglobin >12 g/dl, and received either oral ferrous sulfate or 
placebo for 12 weeks.9

It is surprising how low among physicians is the awareness of blood donation as a primary cause of sideropenia. Only 
4 out of 50 (8%) internal medicine and family practice physicians in Austria considered blood donation as a potential 
cause of iron deficiency, and only 28% reported knowing if one of their patients was a regular blood donor.10 In dedicated 
blood donors, donation activity is the single most important factor affecting iron status, far ahead of red-meat consump-
tion or iron supplementation.11

Hemoglobin values do not necessarily reflect iron stores, and measurement of hemoglobin or hematocrit alone is 
insufficient for detecting blood donors with IDWA.12 Donors who have adequate iron stores are deferred from donating 
blood, while others who are donating blood may have inadequate iron stores.13

As mentioned earlier, IDWA can be associated with pica and could aggravate or even trigger RLS. Therefore, 
otherwise healthy donors with symptoms of RLS should be very cautious about donating blood, and an assessment of 
iron stores before the donation is a rational precaution.14 Regarding pica, its presence has been associated with a high 
probability of iron depletion in blood donors.15 Factors associated with pica were analyzed in four US blood collection 
agencies. Lower ferritin, non-Asian race, higher red cell distribution width, younger age, and RLS were significantly 
associated with pica.16 Iron replacement in these patients is effective and reduces symptoms.

Each donation causes a loss of approximately 210 to 240 mg of iron, as 1 mL of red cells contains 1.12 mg of iron. In 
a study from Germany, 26% of regular donors had ferritin levels <15 μg/L and 12% suffered from IDA.17 IDWA tends to 
be more prevalent in younger people, females, and those with a more intensive blood donation history. A prospective 
national study in France of 11,258 WB donors showed that iron deficiency was more frequent in women than in men 
(39.5% vs 18%). Among 7200 repeated donors, women <50 years old, new female donors, and repeated donors of both 
sexes had the highest prevalence of iron deficiency. In these identified subgroups, the prevalence of iron deficiency was 
up to 72.1%.18

Current practices by blood banks identify potential donors with IDA but are inadequate to detect IDWA.19 This is 
particularly true for premenopausal women and teenagers. A nationally representative study in the US showed that the 
problem is indeed more intense among adolescents and adult females.20 A stratified approach to prevention and treatment 
considering risk factors and serum ferritin testing is likely to be the most effective management strategy.21

In the US, a minimum acceptable hemoglobin concentration of 12.5 g/dL and a minimum interval between donations 
of 56 days is required for blood donation irrespective of the donor’s sex. This is counterintuitive since iron requirements 
are substantially higher in women of childbearing age. Thus, it is not surprising that in the REDS-II Donor Iron Status 
Evaluation (RISE) study, only 1.6% of attempted donations by men were deferred due to anemia versus 17.7% of 
attempts by women.13 A recent study in 30,806 teenage donors in the US showed that 11.4% of females and 9.7% of 
males had inadequate iron stores at index donation. Follow-up donation iron stores were highly dependent on index 
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ferritin and achieving a ≥90% prevalence of adequate ferritin at 12 months required index ferritin values >50 ng/mL. 
Teenagers with borderline or low iron stores should consider receiving iron supplements to permit regular donations. In 
addition, increasing the minimum recommended inter-donation interval to allow time for a refill of iron losses should 
strongly be considered.22 A large, randomized trial of 45,000 donors in the United Kingdom showed that more frequent 
donations than is standard practice resulted in more deferrals and IDWA.23 In an Australian study of >3000 blood donors, 
the prevalence of serum ferritin <15 ng/mL in new donors was 12% in females and 1.3% in males. The prevalence of iron 
deficiency in female WB-only donors was 26.4%, increasing with donation frequency and young age, while in males it 
was 6.3% with no evident change with age or donation frequency.24

Female blood donors of childbearing age who donate blood on a regular but moderate basis do not appear to be at 
higher risk of adverse pregnancy outcomes, such as low birth weight, preterm birth, and stillbirth.26 This is reassuring 
knowing that IDA is associated with preterm delivery and low birth weight and that iron supplementation during 
pregnancy decreases these risks.

Volunteer WB donor eligibility criteria vary substantially by country due to cultural and historical reasons, body 
habitus changes, and other causes, and these differences likely affect the prevalence of IDWA and IDA among donors.25 

In the US and elsewhere, despite guidelines described in the AABB Bulletin #12-03, nearly no blood center routinely 
monitors donor iron status because of the increased cost and the workload related to reviewing the results and counseling 
the donor. A recent, revised version of these recommendations (AABB Bulletin #17-02) that strongly encourages 
monitoring iron status in at-risk subgroups has recently been circulated (July 2022).26 In Switzerland, premenopausal 
women are allowed to donate only three times a year, serum ferritin is measured in all WB donors, albeit not in every 
visit, and iron-depleted donors are offered three possibilities, ie, to extend the donation interval, to follow a more iron- 
fortified diet or to receive oral iron supplements.27 In Denmark, ferritin screening is performed on the first donation and 
every 10 subsequent donations, or more frequently depending upon prior results. Iron-depleted donors are given iron 
supplements. Not surprisingly, deferrals for iron deficiency have decreased in these two countries.28 Moreover, many 
centers around the globe try to develop hemoglobin-based algorithms in order to identify the donors who will benefit 
from ferritin measurement.

Finally, although IDWA is mainly a problem for WB donors, it can also affect plateletpheresis donors, who have 
smaller iron losses per donation but are able to donate much more frequently than WB donors. An Irish study showed 
that male plateletpheresis donors had a statistically significant drop in serum ferritin after donation, while they had 
significantly lower serum ferritin levels than first-time male blood donors.29 Similarly, a study from India showed that 
regular plateletpheresis donation may lead to depletion of iron stores and subclinical iron deficiency.30

Prevention of Non-Anemic Iron Deficiency in Blood Donors
IDWA in blood donors can be prevented by limiting the volume of blood collected to 400–500 mL per donation, by iron 
deficiency screening and deferral of sideropenic donors, by blood donation only after hemoglobin/ hematocrit and iron 
stores recovery, by oral or parenteral iron therapy between donations, by lengthening the inter-donation interval, and by 
switching WB donors to low-frequency plasma or plateletpheresis donors.31 To date, many blood services do not follow 
all these recommendations.

Methods for Assessment of Body Iron Stores in Blood Donors
For the assessment of body iron stores, plasma or serum ferritin, transferrin saturation, and sTfR concentrations are the 
most widely used biochemical markers. The percentage of hypochromic mature erythrocytes and the hemoglobin content 
of reticulocytes (Ret-He) have also been shown to be much better screening measures for the identification of iron 
depletion in blood donors than hemoglobin.32 Unfortunately, measurement of capillary hemoglobin only is what is 
usually available in most blood centers. Regarding hepcidin, it may serve as a marker of the iron repletion needed for 
erythropoiesis, although it cannot serve as a predictor of response to iron treatment,34 its use is almost exclusively limited 
to research purposes, and there is a lack of a gold standard measurement assay, pending resolution of the international 
efforts for harmonization.
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Considering ferritin, its measurement at regular intervals is a useful indicator of iron depletion in blood donors.17 

Even though the correlation between ferritin and hemoglobin is poor, donors with low ferritin have much higher odds of 
deferral at subsequent donation visits.33 Gorlin et al, have shown that it is feasible to use serum ferritin for the 
determination of iron stores to reduce potential deferrals for low hemoglobin in regular blood donors that are offered 
appropriate iron replacement therapy.34

One potentially effective strategy to address IDWA and IDA in blood donors is serum ferritin testing in females 
donating ≥ twice per year and men donating ≥ three times per year. This strategy can identify donors with low iron stores 
who will benefit from appropriate iron supplementation, and patients with undiagnosed hemochromatosis who must 
avoid taking iron supplements. It may also lead to referrals for further evaluation and treatment of anemia in first-time or 
infrequent blood donors with underlying diseases, such as gastrointestinal malignancies.35 The population-based Danish 
Blood Donor Study showed that ferritin was the strongest predictor of the risk of low hemoglobin.36 A recent study from 
Iceland included WB donors and new donors between 1997–2019. Before October 2017, ferritin was measured only for 
new donors and intermittently for WB donors, but thereafter for all donors at every donation visit. In January 2018, the 
ferritin threshold for donation increased from 14 to 16 μg/L for new donors and from 8 to 10 μg/L for WB donors. After 
the policy change, the proportion of WB donations associated with iron deficiency decreased from 6.4% to 4% for males 
and from 18.9% to 14.1% for females.37 In a Canadian blood center that practices routine ferritin testing, the minimum 
hemoglobin for donation was increased to 13 g/dL for males and the minimum inter-donation interval was changed to 84 
days for females based on their iron status. This led to a significant reduction in deferrals for low hemoglobin.38 Donors 
informed of their low ferritin donated less often and had a lower return rate compared to donors with normal ferritin, but 
they had an increase in follow-up ferritin when tested one year after initial testing.39 In conclusion, regular ferritin testing 
may improve donor management. However, simply providing donors with ferritin results and written information on iron 
deficiency is likely insufficient to improve their understanding of iron needs and may lead to an inadequate increase in 
iron intake over time.39 France et al, have shown that providing information to blood donors regarding their risk of iron 
depletion enhances the overall awareness of donation-related sideropenia with no negative impact on donor retention. 
Combining education with an action plan may normalize the iron balance.40

In contrast, regular ferritin measurement in all blood donors may be associated with a decrease in blood donation and 
additional operational costs and these issues should be considered by blood banks before its implementation. Canadian 
investigators developed a simulation model representing a population of blood donors tested for ferritin who may exit the 
blood donation system. Data were derived from operational data, donor research studies from the Canadian Blood 
Services, and previously published sources. They estimated that red cell collections will decline by 3.1–19.2% after 
ferritin testing is put in place. Therefore, blood agencies need to ensure that donors with low ferritin will modify their 
lifestyle and eventually return to the donor pool.41

Besides ferritin, zinc protoporphyrin (ZPP) is another marker of sideropenia used mostly in the Netherlands. 
Increased levels of ZPP indicate iron deficiency and elevated ZPP was predictive of deferral due to low hemoglobin 
in a Dutch study of 4598 WB donors.42

Other markers of iron deficiency are sTfR and Ret-He. The accuracy of Ret-He in detecting latent iron deficiency was 
studied in 501 blood donors in India. The study used sTfR as the gold standard and showed that sTfR and Ret-He 
detected IDWA in 148 and 135 donors, respectively. In comparison to sTfR, Ret-He had a sensitivity of 92.7%, which 
was significantly higher than that of ferritin, iron, and TIBC in detecting latent iron deficiency.43 Use of the sTfR-F index 
(ratio of sTfR to log10 ferritin) and a combined cell index, as described by Boulton et al, show that the iron status of men 
giving three donations in two years resembled that of menstruating women and that men not taking iron supplements can 
become markedly iron-deficient on donating six times over a two year period.44

Increased frequency of blood donations is associated with microcytosis and hypochromia, as indicated by lower MCV 
and MCH, respectively. These immediately available red blood cell indices, or newer parameters measured by automated 
blood cell analyzers such as the percentage of hypochromic erythrocytes, should be used to monitor early onset iron 
depletion in regular blood donors.45 In a Malaysian study, the percentage of hypochromic red cells with a cut-off value of 
0.6% was excellent in evaluating iron status among blood donors with very high sensitivity and specificity. It also has the 
additional advantage of a faster turnaround time than conventional biochemical markers of sideropenia.46 In a pilot study 
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of 150 Swedish blood donors versus 104 controls, donors had significantly more microcytic erythrocytes (median 0.9% 
vs 0.6%), lower serum ferritin concentration (median 43 vs 91 μg/L), and higher sTfR-F index (median 1.60 vs 1.27). 
Microcytic erythrocytes and mean cell hemoglobin of reticulocytes (MCHr) predicted iron depletion with moderate 
sensitivity that was improved when these two parameters were combined.47

In a study from New Zealand, blood donation, being of Asian ethnicity, and history of iron deficiency were all 
stronger predictors of suboptimal iron status than differences in dietary patterns in premenopausal women.48 In the RISE 
study, in a cohort of 2425 first-time/reactivated and frequent blood donors, among frequent donors, 66.1% of women and 
48.7% of men had iron-deficient erythropoiesis, while absent iron stores (ferritin <12 μg/L) were seen in 16.4% and 
27.1% of men and women, respectively. Increased donation intensity, female sex, premenopausal status, black race, low 
body weight, and younger age were important independent predictors of absent iron stores or iron-deficient 
erythropoiesis.13,49 The association of decreased iron stores with the female sex was expected since premenopausal 
women have higher daily iron requirements (1.5 mg vs 1 mg) due to menstrual blood loss.10 The RISE study concluded 
that iron supplementation may allow frequent donation without iron depletion. However, given that no intervention was 
performed, the basis of this conclusion and whether it should apply to all donors has been legitimately questioned.50 

Consequently, blood banks should try to better identify their own donor population at real risk of iron deficiency and 
tailor targeted interventions to minimize harm.

Dependence only on food intake to replenish iron stores in regular blood donors is inadequate, especially in settings 
where IDA is common, to begin with. For example, in Ghana, where IDA is endemic and post-blood donation iron 
supplementation is not widely practiced, more than three-quarters of the blood donors could not achieve pre-donation 
iron stores five months post-last donation.51

Studies of Iron Supplementation in Regular Blood Donors
Given the numerous oral and several parenteral available iron products, iron supplementation in regular blood donors 
should be individualized. For example, ferrous sulfate often causes significant gastrointestinal side effects. In this case, 
alternative oral iron products should be considered.52 Many studies have been performed to test the efficacy and 
tolerability of the various iron formulations in the replenishment of iron stores of blood donors. The chosen iron 
replacement strategy should be convenient, easily available, cheap, and with minimal complications. The most important 
of these studies are shown in Table 1 and briefly reviewed below.

The Hemoglobin and Iron Recovery Study that was part of the Recipient Epidemiology and Donor Evaluation Study- 
III (REDS-III), conducted by the National Heart, Lung, and Blood Institute in the US compared donors who did not 
receive iron supplementation with those who did. Using a ferritin cut-off of 26 ng/mL, recipients of iron supplementation 
had shortened time to 80% hemoglobin recovery in both the low-and higher-ferritin groups.53 Even in iron-replete 
donors, the mean hemoglobin recovery was only 70% at eight weeks since absorption of dietary iron is a limiting factor 
for the refill of iron stores.53 A study comparing placebo vs carbonyl iron in women 18 to 40 years old for 56 days after 
phlebotomy showed that therapy, diet, or both, was sufficient to replenish the iron stores in 85% of those receiving 
carbonyl iron vs only 29% of those taking placebo. Moreover, deferral rates from repeat donations were 8% and 36% 
respectively.54 An Australian Red Cross Blood Service study investigated the effect of carbonyl iron daily or placebo for 
8 weeks, as post-donation iron replacement therapy. Donors receiving carbonyl iron had significantly higher ferritin and 
mean hemoglobin at week 12. In addition, the proportion of iron-deficient donors was significantly lower in the carbonyl 
iron group, thus improving eligibility to re-donate at week 12. Approximately 87% of the donors receiving carbonyl iron 
indicated that they would continue to take it, even though significantly more donors receiving iron supplements had at 
least one gastrointestinal side effect.55 Hence, short-term carbonyl iron supplementation in female blood donors seems to 
be effective in replacing safely the iron loss of phlebotomy.

A Swedish randomized study on 120 donors with at least five previous WB donations compared IV iron sucrose vs 
oral iron sulfate for 20 days, after each blood donation for 1 year. Both treatments were safe, but the IV iron sucrose 
group increased iron stores to a significantly greater extent than the oral iron group. Moreover, female donors, 
particularly <50 years of age, were more responsive to intravenous iron sucrose compared to the oral formulation.56 

In another study, routine administration of ferrous sulfate tablets for 60 days was safe and effective and prevented the 
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Table 1 Studies of Oral or Parenteral Iron Supplementation in Blood Donors

Authors Study Design Iron Products Used Main Study Outcomes

Kiss JE, et al53 Randomized Ferrous gluconate 37.5 mg/day vs no iron for 168 days post donation of 500 mL of 

whole blood.

Recovery of iron stores in participants who received supplements took 

a median of 76 days; for participants not taking iron, median recovery time was 
168 days (p <0.001). Without iron supplements, 67% of participants did not 

recover iron stores by 168 days.

Gordeuk V, 

et al54

Randomized 

double-blind

Carbonyl iron 100 mg orally vs no iron at bedtime for 56 days after phlebotomy At day 56, estimated iron absorption was sufficient to replace iron in 85% of 

those receiving carbonyl iron but in only 29% of those taking placebo (p < 

0.001)

Marks DC, 

et al55

Randomized, 

double-blind, 
placebo- 

controlled

Carbonyl iron 45 mg daily vs placebo for 8-weeks post-donation The mean Hb level in the carbonyl iron group (134.6 ± 8.7 g/L) was 

significantly higher than in the placebo arm (130.0 ± 9.9 g/L; p < 0.001), 
significantly improving eligibility to donate at Week 12

Birgegård G, 

et al56

Randomized Iron sucrose 200 mg IV versus 20×100 mg tablets of oral iron sulphate (1 tablet/ 

day) after each blood donation for 1 year

The IV iron group increased storage iron to a greater extent than the oral iron 

group after 12 months (p=0.0043)

Bryant BJ, 

et al57

Single arm study Deferred donors and iron-deficient control donors were given 60 tablets 

containing 325mg ferrous sulfate (1tablet/day for 60 days). Another 60 tablets 

were dispensed at all subsequent visits

Iron-depleted or -deficient donors taking iron showed normalization of iron- 

related laboratory parameters, even as they continued to donate

Krayenbuehl 

PA, et al58

Randomized, 

double-blind, 
placebo- 

controlled

Iron sucrose IV 800 mg vs intravenous placebo In patients with baseline ferritin ≤ 15 ng/mL, fatigue decreased by 1.8 in the 

iron group compared with 0.4 in the placebo group (p = 0.005), and 82% of 
iron-treated compared with 47% of placebo-treated patients reported 

improved fatigue (p=0.03)

Gybel-Brask 

M, et al59

Randomized 

double blind, 

placebo- 
controlled

First-time female blood donors randomized 1:1 to iron isomaltoside 1000 mg IV 

vs placebo

The increase in Hb was significantly higher for iron isomaltoside compared 

with placebo right before both the second (p = 0.0327) and the third blood 

donation (primary endpoint, p < 0.0001)

Cable RG, 
et al60

Randomized Donors randomized to oral ferrous gluconate daily (37.5 mg iron) or no iron for 
24 weeks after blood donation

At 24 weeks, total body iron in donors taking iron increased by 281 mg (95% 
CI, 223.4–338.6 mg) compared to before donation, while in donors not on 

iron decreased by 74.1 mg (95% CI, −112.3 to −35.9; p < 0.0001, iron vs no 

iron)

Chiamchanya 

N61

Randomized, 

three arm study

Oral ferrous fumarate 200 mg/day (group I) vs ferrous fumarate 200 mg/day 

+ascorbic acid 100 mg/day (group II) vs ferrous fumarate 200mg/day+ascorbic 
acid 500 mg/day (group III)

The recovery times of MCV, MCH, and MCHC to before blood donation 

levels in groups II and III were similar (0.5 months in every value), which was 
more rapid than in group I (> 3, 3, and 1 month, respectively) (p < 0.001)
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Drexler C, 
et al62

Randomized, two 
arm study

Donors randomized to a single dose of ferric carboxymaltose IV or oral ferrous 
fumarate (100 tablets of 100 mg [10 tablets per week] for 10 weeks

Median TS and ferritin were significantly higher in the IV iron group (27% vs 
21%, p < 0.001 and 105 vs 25 ng/mL (p < 0.001), while median Hb levels were 

comparable (IV, 13.6g/dL vs oral 13.6 g/dL)

Mast AE, 

et al63

Randomized, five 

arm study

Three double-blinded arms provided 60 once-daily pills after each donation 

(38 mg, 19 mg, or 0 mg of iron) and two single-blinded arms provided iron status 

(ferritin) information or no information letters after each donation

Prevalence of ferritin <12 or < 26 ng/mL declined by more than 50% and was 

statistically indistinguishable in the three intervention groups (19mg or 38 mg 

of iron; iron status letter). Improved iron status in iron pill groups and 
worsening iron status in control groups (placebo; no information letter). The 

iron pill groups experienced a net increase of approximately 0.6 g/dL Hb 

compared to control groups

Radtke H, 

et al64

Randomized 

placebo- 
controlled study

Donors assigned to treatment with either 40 mg, 20 mg, or 0 mg per day of 

elemental iron as ferrous gluconate for a period of 6 months, during which one 
unit of whole blood was collected on 4 occasions in males or 3 in females

Daily doses of either 40 mg or 20 mg of ferrous gluconate adequately 

compensated for iron loss in males, who gave blood at 2-month intervals, but 
did not result in a positive iron balance or an increase in storage iron, while in 

females who donated at 3-month intervals, the same daily doses restored the 

iron balance and increased storage iron

Radtke H, 

et al66

Randomized, two 

arm study with 
placebo phase

Donors were randomly assigned to receive 100 mg of ferrous iron or placebo 

daily. Group A received iron capsules after the first three donations, and Group 
B after the second three donations

Mean serum ferritin concentration decreased after each donation in the 

placebo phase of both treatment groups, but it remained mostly constant 
during the iron phase in Group A, and even increased during the iron phase in 

Group B

Macher S, 

et al67

Randomized, 

controlled, single- 

centre trial

Ferric carboxymaltose 1000 mg IV as a single dose or oral iron supplementation 

(100 capsules of 100 mg iron fumarate, 1 capsule/day for 100 days)

Significant improvement in the severity of symptoms for RLS, fatigue and sleep 

quality (p < 0.001). Significant decrease in headaches, dyspnea, dizziness, and 

palpitations (p < 0.05) with no difference between intravenous vs oral iron and 
clinical outcome

Abbreviations: Hb, hemoglobin; CI, confidence intervals; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; TS, transferrin saturation; IV, intravenous; RLS, 
restless leg syndrome.
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development of iron deficiency in blood donors.57 Of the donors receiving ferrous sulfate, intolerance requiring a switch 
to ferrous gluconate developed in 21%, but only 5% of donors were intolerant to both products and discontinued iron 
replacement therapy.57 In a randomized, double-blind, placebo-controlled study, premenopausal women presenting with 
fatigue, serum ferritin ≤ 50 ng/mL, and hemoglobin ≥ 12 g/dL were randomized to receive either 800 mg of intravenous 
iron sucrose or placebo. Fatigue and serum iron status were assessed at baseline and after 6 and 12 weeks. Overall, 82% 
of iron-treated compared with 47% of placebo-treated patients reported improved fatigue, a significant difference. Drug- 
associated adverse events were observed in 21% of iron-treated patients and in 7% of placebo-treated ones, but none of 
these events was serious.58 A Danish study showed that IV iron isomaltoside before the second and third blood donation 
was well tolerated and increased the hemoglobin, improved plasma ferritin and transferrin saturation, and also improved 
fatigue symptoms.59 A randomized study comparing ferrous gluconate vs placebo for 24 weeks after blood donation 
showed that only donors on iron supplementation replaced their iron stores.60 A study of female regular blood donors in 
Thailand showed that a combination of ferrous fumarate 200 mg and ascorbic acid 500 mg daily was well tolerated, and 
effective to accelerate hemoglobin recovery to the pre-donation values.61 In a clinical trial of blood donors with ferritin 
<30 ng/mL, donors were randomized to either a single dose of intravenous ferric carboxymaltose or oral iron fumarate. 
A single dose of ferric carboxymaltose was highly effective to prevent IDWA/IDA, although oral iron was an acceptable 
alternative.62 A US study examined the efficacy of two different doses of elemental iron (38 mg vs 19 mg. vs placebo vs 
nothing) in 692 frequent blood donors. Withdrawal from the study was more common in those taking iron pills (39% vs 
7%), but no difference in adverse events was seen between those receiving iron or placebo, and moreover, those taking 
iron had improved iron status regardless of the dose.63 A German study also showed that only 20 mg of elemental iron 
per day as ferrous gluconate for 6 months could adequately compensate for iron loss in donors who donated WB up to 
four (females) or six (males) times per year.64 The same group in a subsequent study showed that 20 mg of elemental iron 
as ferrous gluconate and 400 mg of ascorbic acid daily for only 30 days post-donation adequately compensated for iron 
loss in most WB donors.65 The same authors also examined the effect of supplementation with 100 mg of oral ferrous 
iron-glycine-sulfate-complex vs placebo after each of three, two-unit red cell apheresis, and demonstrated its efficacy in 
preventing iron deficiency.66 Finally, Macher et al, compared the frequency and severity of symptoms associated with 
iron deficiency before and after intravenous or oral iron supplementation in iron-deficient blood donors. Clinical 
symptoms were evaluated by a survey before and after 8 to 12 weeks of iron therapy. A significant improvement in well- 
being was reported with both oral and parenteral iron therapy, while there was no difference between the type of iron 
supplementation and clinical outcome.67

The Recommended Dose of Oral Iron Supplementation for Regular Blood Donors
The Panel on Micronutrients of the Institute of Medicine has established the tolerable upper limit of daily elemental iron 
intake at 45 mg. By subtracting the approximately 11 mg/day average dietary iron intake of a western diet, this allows for 
approximately 34 mg of supplemental iron before gastrointestinal side effects are seen.68 The STRIDE study of blood 
donors’ iron supplementation supports this figure since adverse events did not differ among subjects receiving elemental 
iron 19 or 38 mg/day or placebo, and supplements were effective at both doses for alleviating iron deficiency in regular 
blood donors.63

Recovery of Blood Collected from Donors with IDWA Compared to Iron-Replete 
Donors
An important issue is whether the recovery of transfused blood is diminished in donors with IDWA compared to iron- 
replete ones. Α multicenter study of 13,403 donors that evaluated stored blood for osmotic and oxidative hemolysis and 
iron status by plasma ferritin measurement and self-reported intake of iron supplements, showed that prior donation 
intensity was negatively associated with in vitro oxidative hemolysis in multivariate analyses correcting for race- 
ethnicity, age, and sex.69 Moreover, in healthy human volunteers, a high proportion of storage-induced micro- 
erythrocytes in long-stored red blood cell concentrates correlates with poor transfusion recovery.70 The clinical 
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significance of this information is unknown and remains to be determined by future studies with carefully selected 
endpoints.

Potential Adverse Effects of Oral Iron Supplementation in Regular Blood Donors
Regular blood donors are healthy, and they may object to taking oral pills daily, a maneuver that is viewed as turning 
them into patients. The STRIDE study, which, as previously explained, randomized 692 donors into one of two 
educational groups, or one of three interventional groups showed that de-enrolment within 60 days was more common 
in the interventional group, although not more common in those receiving iron than placebo.71 In a study of 1974 blood 
donors, 89% of whom were between the ages of 18 and 50 years, 49% declared that they would rather visit their general 
practitioner and 46% would rather receive iron supplementation. A higher number of donations was significantly 
associated with a preference for iron supplementation, and regular female donors were even more willing to take iron 
supplements.72

An important issue with oral iron supplementation in regular blood donors is safety, given the potential association of 
intravenous iron administration with infections.73 In this regard, a study of 82,062 Danish blood donors, who completed 
a questionnaire on health-related items showed that iron supplementation was safe, as it was not associated with an 
increased risk of infections requiring hospitalization or oral administration of antimicrobials.74

Another concern with providing iron to all blood donors is the possibility of worsening iron overload in donors with 
undiagnosed hemochromatosis, masking the symptoms of a clinically important gastrointestinal hemorrhage or other 
underlying medical conditions -most importantly gastrointestinal cancer, and causing side effects, mainly from the 
gastrointestinal tract. Finally, the potential risk of accidental iron poisoning in children of donors should be considered, 
since iron salts remain the leading cause of death from pediatric accidental poisoning.75,76

Conclusions
As shown by numerous studies, IDWA and IDA are very common among regular blood donors. There is an ethical 
obligation of blood bank physicians to preserve the health of volunteer blood donors by limiting iron deficiency, but 
without compromising the precious blood supply. The latter may be at risk due to the shrinking blood donor base and the 
potentially increasing blood requirements imposed by the aging population and other reasons, eg, climate change and its 
associated medical disasters. The optimal strategies to achieve that are not totally clear and ongoing clinical research will 
clarify unresolved issues. Pending further research in this area, most regular blood donors will benefit from the 
systematic administration of iron supplements post-donation. The AABB bulletin #17-02 correctly advocates low-dose 
iron supplements (≥18 mg/day for 60 days after WB donation or after every fourth or fifth apheresis donation), longer 
inter-donation intervals to allow dietary recovery of iron stores, or ferritin testing to help donors decide on ways of 
improving their iron status.22,26 While providing donors with iron supplements is effective in preventing declines in 
ferritin concentration and lowers the possibility of future donation deferrals for low hemoglobin, many factors should be 
taken into consideration when prescribing iron supplements in blood donors, such as the cost, potential side effects, 
availability of blood bank physicians for providing education in preventing iron deficiency, establishing responsibility for 
donors prescribed iron, etc.77 A double-blind, randomized controlled trial is underway to optimize the efficacy of oral 
iron supplementation while minimizing gastrointestinal complaints in WB donors (FORTE trial). Twelve hundred of 
them with ferritin ≤30 μg/L will be randomly assigned to one of six arms, ie, to receive capsules containing 0 mg, 30 mg, 
or 60 mg of iron, either on alternate days or daily for 56 days. At baseline and on days 56, 122, and 182 of follow-up, 
ferritin and hemoglobin will be measured, along with an assessment by questionnaire of the general health, compliance, 
dietary iron intake, gastrointestinal side effects, and iron deficiency-related symptoms.78 Finally, educational efforts 
should be intensified to improve the awareness of blood donation as a primary cause of iron deficiency among physicians 
of all specialties.

Abbreviations
AABB, American Association of Blood Banks; IDA, iron deficiency anemia; IDWA, iron deficiency without anemia; 
MCH, mean corpuscular (cell) hemoglobin; MCHr, mean cell hemoglobin of reticulocytes; MCV, mean corpuscular 
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(cell) volume; Ret-He, reticulocyte hemoglobin content; RLS, restless leg syndrome; sTfR, soluble transferrin receptors; 
TIBC, total iron binding capacity; TSAT, transferrin saturation; US, United States of America; WB, whole blood; ZPP, 
zinc protoporphyrin.
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