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BLOOD DONORS AND BLOOD COLLECTION &)

Daily doses of 20 mg of elemental iron compensate for iron
loss in regular blood donors: a randomized, double-blind,

placebo-controlled study

Hartmut Radtke, Joanna Tegtmeier, Lothar Récker, Abdulgabar Salama, and Holger Kiesewetter

BACKGROUND: A considerable number of regular blood
donors develops an iron deficiency, and the exact amount
of iron required to compensate for the iron loss from
whole-blood donation in males and females is still
unknown.

STUDY DESIGN AND METHODS: A tota! of 526 regular
blood donors (289 male and 237 female) were randomly
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 four occasions (males) or three occasions
(females). Hemoglobin level, serum ferritin, and soluble
transferrin receptor levels were measured before each
donation.

RESULTS: Daily doses of either 40 mg or 20 mg of
elemental iron 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 as reflected by the logarithm of the ratio of transferrin
receptor to ferritin concentration. In females, who donated
at 3-month intervals, the same daily doses not only
restored the iron balance but also led to an increase in
storage iron. The number of gastrointestinal side effects
due to iron supplementation (12%) was only slightly
higher in both iron groups than in the placebo group.
CONCLUSION: The results of this study indicate that 20
mg of elemental iron per day can adequately compensate
for iron loss in males and females who donate whole
blood up to four (females) or six times per year (males).

he major side effect of whole-blood donation is

iron depletion. In Germany, men are generally

allowed to donate whole blood every 8 weeks

and women every 12 weeks. However, the nor-
mal diet is usually unable to compensate for the resulting
iron loss."? Consequently, a considerable number of regu-
lar blood donors develops a negative iron balance that
may eventually progress to iron deficiency anemia.*”
Menstruating female donors are at a particularly high risk
for chronic iron deficiency. Although this is well-known,
only a few controlled, double-blind studies have dealt
with the question of whether iron supplementation can
prevent iron depletion in menstruating female blood
donors.*' There is evidence suggesting that daily doses of
40 mg of elemental iron as ferrous sulfate can sufficiently
compensate for iron loss resulting from whole-blood
donation and can improve iron status.'”'' However, the
question of whether a lower dose of iron is sufficient to
compensate for iron loss in female donors is still open. In
addition, controlled studies on iron supplementation in
male donors are lacking. Most importantly, no valid mea-
sure of iron storage was used in early studies.'*'* Today,
serum ferritin and soluble transferrin receptor levels can
be routinely measured and iron status can be much better
assessed than previously.'"'” The logarithm of the ratio of

ABBREVIATIONS: Fe™ = elemental iron as ferrous gluconate;
log(TfR/F) =logarithm ofratio of the soluble transferrin receptor
to ferritin concentration.
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the soluble transferrin receptor to ferritin concentration
(log{ TER/F]), which was shown to have a highly linear cor-
relation to body storage iron, is currently the most precise
measure of body storage iron available.”*'® Here, we
present the results of a double-blind study in which we
randomly assigned regular male and female blood donors
to treatment with 40 mg, 20 mg, or 0 mg (placebo) per day
of elemental iron for 6 months.

MATERIALS AND METHODS

Selection of donors and study design

A total of 526 regular blood donors (289 male and 237
female) were enrolled in this study, which was approved
by the Ethics Committee of Charité University Medical
Center. Written informed consent was obtained from all
volunteers. In accordance with the German guidelines for
blood donor selection, all donors were determined to be
healthy based on their history and had hemoglobin (Hb)
concentrations of no less than 13.5 g per dL (males) or
12.5 g per dL (females). The investigational products con-
sisted of identical capsules in blister packs containing 1.5
mg pyridoxal-phosphate, 2.25 ug cyanocobalamine, 400
mg ascorbic acid, 200 pg folic acid, and 75 ug biotin with-
out (placebo) or with 20 mg of elemental iron as ferrous
gluconate (Fe*) (Phyt-Immun GmbH, Homburg, Ger-
many). Ascorbic acid was added to enhance iron absorp-
tion. Because most people believe in beneficial effects of
vitamin supplements, the other selected vitamins were
added for improved compliance. The form of iron used

289 regular donors,
malc gender, Hb > 13,5 g/dl,
informed consent

meets the European Community criteria for dietary foods
for special medical purposes. The participants were ran-
domized to one of three groups receiving either 40 mg
Fe*, 20 mg Fe*, or 0 mg Fe* in two capsules once daily
for 6 months. Hb, serum ferritin, and soluble transferrin
receptor levels were determined before blood collection
at each initial and follow-up visit. Each male volunteer
was scheduled for a total of four visits, including a ran-
domization visit before the first donation at Week 0 and
three subsequent predonation visits at 2-month intervals.
The females were scheduled for a total of three visits: a
randomization visit at Week 0 and two predonation visits
at 3-month intervals (Fig. 1). The intervals were chosen in
accordance to the German guidelines, which allow six
donations per year for male and four donation per year
for female volunteers. Volunteers with hemoglobin con-
centration less than 13.5 g per dL (inales) or 12.5 g per dL
(females) were deferred, but not excluded from study.
Compliance, which was defined as the ingestion of at
least 90 percent of the capsules as prescribed, was
checked by counting the returned capsules between
blood donations.

Laboratory methods

Hemoglobin concentrations in fingerstick blood samples
were determined by the acid methemoglobin method
using a photometer (HemoCue B-Hemoglobin photome-
ter, HemoCue, GrofRostheim, Germany). Ferritin and sol-
uble transferrin receptor concentrations in serum were

237 regular donors,
female gender, Hb > 12,5 g/dl,
informed consent

Visit 0 Visit 0
Randomization Randomization
Visit 0 97 assigned to 96 assigned to 96 assigned to 79 assigned to 79 assigned to 79 assigned to Visit 0
® 40 mg Fc'' daily 20 mg F¢® daily 0mgFe’ daily 40 mg Fe'" daily 20 mg Fe™ daily 0 mgFc daily st
21 dropped out 17 dropped out 25 dropped out
Visit 1 74 donated 78 donated 67 donated
2 deferred [ defered 4 deferred 13 dropped out 24 dropped out 32 dropped out
I l I 66 donated 53 donated 43 donated Visit 1
2
20 dropped out 20 dropped out 24 dropped out 0 deferred 2 deferred 4 deferred
Visit 2 56 donated 59 donated 46 donated
0 deferred 0 deferred 1 deferred
2 dropped out 5 dropped out 7 dropped out 9 dropped out 11 dropped out 7 dropped out
Visit 3 53 donated 53 donated 36 donated 56 donated 44 donated 34 donated Visit 2
I deferred 1 deferred 4 deferred I deferred 0 deferred 6 deferred
Fig. 1. Flow of participants during study.
1428 TRANSFUSION Volume 44, October 2004
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determined by nephelometry using an automatic analyzer
(BN Prospec, Dade Behring, Marburg, Germany).

Statistics
Sample-size calculation, randomization, and statistical

analyses were performed using software (Stata for Win-
dows, Stata Corp., College Station, TX). Based on the
serum ferritin concentration, the required sample size was

determined to be 49 males and 40 females per group,”

assuming a power of 0.9, a significance level of 0.0167
(Bonferroni adjustment for three groups), a smallest
meaningful ferritin difference of 10 ug per L between
groups, three (males) or two (females) follow-up measure-
ments, a within-subject correlation coefficient of 0.8, and
a standard deviation (SD) of 26 ug per L (males) or 22 pg
per L (female) for serum ferritin. Assuming a dropout rate
of 50 percent, we arrived at a final sample size of 98 males
and 80 females per group.

The randomization plan was-generated using block
randomization with variable block length. Statistical anal-
yses were performed as an intent-to-treat analysis for all
participants coming for more than one visit using a linear
regression model for longitudinal data (cross-sectional
time-series regression model with generalized estimating
equation analysis).” The logarithm of the ratio of transfer-
rin receptor to ferritin concentration, an accepted mea-
sure of storage iron, was used as the outcome variable. To
model the change in storage iron over time, we applied the
difference values for log(TfR/F) and included the iron
supplement as the predictor variable.

RESULTS

Males

Of the 289 male volunteers (age range, 19-67 years)
enrolled in the study, 141 (49%) dropped out, yielding a
dropout rate of 44 percent in the 40 mg of Fe** group, 44
percent in the 20 mg of Fe** group, and 58 percent in the
placebo group (p = 0.075; Fisher’s exact test). A total of 63
(45%) of the male dropouts withdrew before their second
visit (Table 1). The mean interval between visits was 60

IRON SUPPLEMENTATION IN BLOOD DONORS

days. Deferral from donation because of unacceptable
hemoglobin concentration values (<13.5 mg/dL) occurred
in 14 of 825 visits (1.7%). This was more frequently the case
in the placebo group than in the 20 mg and 40 mg iron
groups (n =9 vs. 2 vs. 3, p = 0.022; Fisher’s exact test).
Compliance was poor in roughly one-third of the male
participants.

In the male placebo group, the mean serum ferritin
concentration decreased from 35 pg per L at baseline to
21 pg per L at the final visit, the number of males with
depleted iron stores (ferritin <12 pug/L) increased from 20
percent to 54 percent, and the mean concentration of sol-
uble transferrin receptors rose slightly from 1.6 mg per L
to 1.7 mg per L (Table 2, Fig. 2). In the male 20 mg iron
group, serum ferritin decreased from 35 pg per L to 25 pg
per L, whereas the median ferritin value changed only
slightly (Table 2, Fig. 2); both the number of males with
depleted iron stores (25%) and the transferrin receptor
concentration (1.5 mg/L) remained nearly constant. In the
male 40 mg iron group, the ferritin (33 ug/L) and transfer-
rin receptor levels (1.5 mg/L) remained constant, whereas
the number of individuals with iron depletion dropped
from 26 percent to 13 percent.

The log( TfR/F) remained nearly constant in both iron
groups, but rose continuously in the placebo group

Ferritin [ug/l]
3
——— T 1+ e oo
AN o
[yBwiy] sordeseu uuisysuel]

0123 0123 0123
40mg 20mg O0mg

0123 0123 0123
40mg 20mg 0mg

Fig. 2. Box-plot for the concentration of serum ferritin and sol-
uble transferrin receptor in male donors.

TABLE 1. Reasons and numbers of dropouts during study

Gastrointestinal

Unknown complaints Poor compliance Other

Reason (%) (n/total) (%) (n/total) (%) (n/total) (%) (nv/total)
Male donors

40 mg iron 15.5 15/97 52 5/97 124 12/97 13.4 13/97

20 g iron 18.8 18/96 6.3 6/96 16.7 16/96 3.1 3/96

0 mg iron (placebo) 20.8 20/96 6.3 6/96 21.9 21/96 11.5 11/96
Female donors

40 mg iron 8.9 7/79 25 2/79 10.1 8/79 6.3 5/79

20 mg iron 20.3 16/79 6.3 5/79 1.4 9/79 6.3 5/79

0 mg iron (placebo) 241 19/79 38 3/79 101 8/79 11.4 9/79
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Females
o Sores i Eonesnson 3 oer,of donrs wit depeed | Ofthe 237 emae volunters agerange,
transferrin receptor to ferritin concentration (log[TfR/F]) for all donors with 19-65 years) enrolled in the study, 96
at least one follow-up visit (41%) dropped out, yielding a dropout
Ferritin (ug/L) Depleted iron stores log(TfR/F) rate of 28 percent in the 40 mg iron
Visit number (mean + SD) (%) (n/total) (mean + SD) group, 44 percent in the 20 mg iron
Mj’g :fg"ﬁ;i group, and 49 percent in the placebo
0 3274275 26.3 20/76 1.54 + 0.51 group (p = 0.015; Fisher's exact test). A
1 31.4+188 16.2 12/74 1.47 £0.49 total of 69 (72%) of the female dropouts
;2; ggg i Sg:g gg 1352‘? 12(2) i 82415 withdrew before the'ir second visit
20 mg iron (Table 1). The mean interval between
0 347+ 36.3 25.3 2079 1.48 +0.48 visits was 88 days. Deferral from dona-
; gg; ‘i ggg S;i :;ZS }:jg’ i 8:3‘5‘ tion because of unacceptable dropout
3 250+ 19.8 24.5 13/53 152 + 0.47 concentration values (<12.5 mg/dL)
0 mg iron (placebo) occurred in 13 of 546 visits (2.4%). This
? SIE BT ML 3% | vasdecasemor fequents ntheph
2 2491247 298 14/47 1.60 + 0.52 cebo group than in the 20 mg and 40 mg
3 214 +275 53.9 21/39 1.67 £ 0.53 iron groups (n =10 vs. 2 vs. 1, p =0.001;
Fe‘;gar'ﬁgdi‘:ggrs Fisher's exact test). Compliance was
19.3 £ 15.0 39.4 26/66 143+ 0.65 poor in roughly one-quarter of the
1 28.5+19.8 15.2 10/66 1.26 £ 0.49 female participants.
20 mg iron 31.4+19.4 14.0 8/57 1.29 + 0.54 In the female placebo group, the
0 20.0+ 323 54.6 30/55 1.38 + 0.46 mean concentration of serum ferritin
1 233+27.9 45.1 23/51 1.36 £0.42 decreased from 18 pg per L at baseline
2 23.5+26.1 84.1 15/44 135049 to 15 ug per L at the final visit, the num-
0 mg iron (placebo) .
0 17.7 + 15.0 48.9 23/47 1.39 + 0.65 ber of females with depleted iron stores
1 17.6+ 145 44.2 19/43 1.40 +0.42 (ferritin <12 pg/L) remained constant
2 151+123 8.7 19/39 1.55+£0.66 (49%), and the mean soluble transferrin
receptor concentration rose from 1.4 mg
per L to 1.6 mg per L (Table 2, Fig. 4). In
the female 20 mg iron group, serum ferritin increased
Males Females from 20 pug per L to 24 pg per L, the number of individuals
: . with depleted iron stores decreased from 55 percent to
34 oo @ ¢ ° 34 percent, and the transferrin receptor concentration
N . remained nearly constant (1.4 mg/L). In the female 40 mg
] [ e E iron group, ferritin concentration rose from 19 ug per L to
5 L 31 ug per L, transferrin receptor level fell slightly from 1.4

log (TfR/F)
N
()
o

0123 0123 0123 012 012 012
40mg 20mg Omg 40mg 20mg Omg

Fig. 3. Box-plots for the logarithm of the ratio of soluble trans-
ferrin receptor to ferritin concentration in male and female
donors.

(Fig. 3}, as was clearly demonstrated in the regression
analysis (Table 3). The log(TfR/F) value increased by
nearly 0.09 per donation in the placebo group, but
changed only marginally in the two iron groups. Both iron
groups differed significantly from the placebo group with
respect to log(TfR/F).

1430 TRANSFUSION Volume 44, October 2004

mg per L to 1.3 mg per L, and the number of individuals
with iron depletion decreased from 39 percent to 14
percent.

The log(TfR/F) dropped in both iron groups, but rose
continuously in the placebo group (Table 2, Fig. 3), as
demonstrated by the regression analysis. The log(TfR/F)
value increased by nearly 0.09 per donation in the placebo
group (Table 3), but decreased by roughly 0.06 and 0.12,
respectively, in the 20 mg and the 40 mg iron groups.

Side effects

Most donors (approx. 60%) did not report any side effects.
There was no significant difference in the incidence of
adverse effects between the three groups. In particular, the
frequency of gastrointestinal complaints was low (11% in
the 40 mg iron group, 13% in the 20 mg iron group, and
11% in the placebo group).
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cent.” The question of whether the

TABLE 3. Regression models for the change in log(TfR/F) other vitamins may play any role in this

Predictor Coefficient 95-percent confidence interval p value context is speculative. The only reason

Mglg i(;ng;sb -0.074 -0.121 to -0.028 0.002 'for in.clu<.iing these vitamins in t,he

40 mg Fe?* _0.118 _0.168 1o —0.068 <0.001 investigational products was our desire
Constant 0.091 0.058 to 0.123 <0.001 to improve the compliance rate.

Feg)aﬁgdgggrs -0.150 ~0.238 to ~0.061 0.001 [ the present study, we monitored

40 mg Fe** -0.209 -0.292 to -0.127 <0.001 ferritin and soluble transferrin receptor

Constant 0.086 0.018 to 0.153 0.012 levels as well as the logarithm of the

TfR/F ratio. The latter variable, which

was shown to have a highly linear corre-

lation with body storage iron, is the most precise measure

o ° 5 of body storage iron available.'*"® Until now, body iron of

1004 ° °s : - o » 5 l?logd donE)rs was assessed mainly by measuring serum

8 ° 2 ferritin."*>” However, this variable is somewhat unspecific

%:.E T 5 g, and may give false-high results in the presence of various

= ° . 3 underlying diseases.” In fact, if ferritin had been the only

£ 10 oo 22T Lo _§ variable used for assessment of body storage iron, the

2 g effects of 20 mg elemental iron in males would have been

é » E underestimated in our study.
= Interestingly, the number of side effects in the two
1 oo o ° Lo groups treated with iron(I)-gluconate was only slightly

012 012 012
40mg 20mg O0mg

012 012 012
40mg 20mg Omg

Fig. 4. Box-plot for the concentration of serum ferritin and sol-
uble transferrin receptor in female donors.

DISCUSSION

Regular blood donation frequently leads to iron depletion,
and it has been shown that iron supplementation can
prevent this complication.*'*" However, the exact dose
needed to compensate for this type of iron loss remains
unclear, and there is uncertainty as to whether iron sup-
plementation is required in both male and female donors.
Attempting to elucidate this complex issue more precisely,
we monitored the logarithm of the TfR/F ratio as a mea-
sure of body storage iron in regular male and female
whole-blood donors. The donors were randomly assigned
to receive daily supplements containing selected vitamins
plus 40 mg, 20 mg, or 0 mg of elemental iron. Dropout
rates were marginally (male) or significantly (female)
higher in the placebo group than in both iron groups. The
reason for this finding is obscure.

Daily doses of 40 mg and 20 mg of elemental iron
resulted in both a positive iron balance and an increase in
storage iron in female donors and compensated for iron
loss in males. This indicates that 20 mg of elemental iron
per day is indeed sufficient to compensate for iron loss in
both males and females. The differences in storage iron
responses may be due to the shorter donation intervals
in males (every 2 months) compared to females (every 3
months). It is likely that the ascorbic acid in the capsules
may have increased the iron absorption by roughly 50 per-

higher than the number observed in the placebo group. In
particular, the incidence of gastrointestinal side effects in
the iron groups was very low (12%). Due to the slight risk
of poisoningin children, iron capsules should be delivered
in individual packages. Elemental iron preparations like
carbonyl iron are preferred as an alternative by many
experts due to the much higher lethal doses.”'****' How-
ever, carbonyl iron is not available in the European coun-
tries. In comparison, bioavailabity of carbonyl iron is
slightly lower than that of ferrous salts,”' but side effects
seem to be comparable: The incidence of gastrointestinal
complaints for both preparations was reported much
higher in two previous studies, probably due to the sup-
plementation with higher doses of iron.** The utility of
iron supplements for prevention of iron deficiency in
menstruating female blood donors is currently being dis-
cussed.”” However, others and we prefer a supplementa-
tion of iron for a short-term period after blood donation
but not in general.

In conclusion, our results indicate that daily doses of
20 mg Fe’* can adequately compensate for iron loss result-
ing from whole-blood donation in males who donate up
to six times a year and in females who donate up to four
times a year.
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Mid-America Division

American Badger-Hawkeye Region
Red Cross Heart of America Region
Midwest Region

North Central Region
Dear Parent or Guardian,

Your 16-year-old has expressed an interest in donating blood at an upcoming American Red
Cross blood drive. The states of Illinois, Iowa, Kansas, Nebraska, Minnesota, Missouri and
Wisconsin allow 16-year-olds to donate blood with written parental/guardian consent. We are
asking for your support by completing the attached consent form.

Please read the attached forms: “What You Must Know Before Giving Blood” and
“What You Must Know About NAT — A New Blood Test.” If you have any questions
about the information contained in these documents, please call 1-800-448-3543 —
M-F: 8 am - 9 pm, Sat: 9 am - 1 pm, Sun: 4 pm - 8 pm — and press Option 6 to speak
to a Red Cross donor health consultant.

We support each student’s willingness to give blood and ask that you offer your encouragement
too. Much like voting and driving a car, the opportunity to donate blood and save a life has
become a right of passage for thousands of high school students. Becoming a blood donor is a
very personal decision, and we understand that parents and students may be somewhat
apprehensive about taking this step. This is completely natural, so we want to provide you with
some additional information about donating blood.

Blood donation is a safe procedure using single-use sterile needles and supplies. To ensure that
your student has a positive experience, we recommend that they follow these guidelines:
¢ Geta good night’s sleep before the blood drive.
e Eat well and drink plenty of fluids in the days leading up to the blood drive, especially
the day of the drive.
Drink at least 16 oz of caffeine free fluid (2 cups) 3-4 hours before the donation and after.
e Be honest and accurate about their weight (donors must weigh at least 110 1bs).

While the donation process is safe, reactions can occur. Most reactions are mild and can include
fainting or small bruises. Our staff is fully trained to work with first-time and younger blood
donors, and to respond to any reactions. We hope you will encourage your student to support
our blood drive. Since one blood donation can be separated into three components, your student
has the potential to save as many as three lives with a single donation.

Please note that the FDA requires that donors are asked specific questions about their health .
history. This information helps ensure the safety of the blood donor and the blood recipient.
These questions are asked privately and are completely confidential.

You should be very proud of your son or daughter’s decision to donate at the upcoming drive.
Please help support this act of generosity by completing the consent form prior to the drive. If
you are not currently a blood donor, please consider making an appointment for yourself. For
more information call 1.800.GIVE.LIFE or visit our website at givebloodgivelife.org.

Sincerely,

B € g P10

David C. Mair, M.D., Senior Medical Director
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: Form:
Informed Parental Consent for Persons Not of a Legal Majority

What this form is about

This form provides staff with a mechanism for documenting a parent or legal guardian’s informed consent
for someone not of legal majority to donate blood or blood components.

Who should use this form

This form applies to all staff who obtain informed special consent from donors or parent/legal guardian.

Instructions

¢ Ensure the region-identifying information is on the form.
o Instruct the parent/legal guardian to
e Print the name of the son, daughter, or ward in the space provided.
¢ Print his or her name.
e Sign the consent form.
o Date the consent form.

e Affix a Whole Blood Number/Donation Identification Number (WBN/DIN) to the form.

Revision History

Revision -
Number Summary of Revisions
1.0 Initial version
1.1 Developed and released prior to revision history requirement

Revised instructions for completion of form

1.2
Reformatted signature, date, and WBN lines
American Red Cross Biomedical Services Instructions - Page 1 of 1
Form: Informed Parental Consent for Persons Not of a Legal Majority 14.4.frm005 v-1.2
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