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BLOGD 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 Rocker, 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: Atotal 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
{femnales). Hemoglobin level, serum ferritin, and soluble
transferrin receptor levels were measured before each
donation.

RESULTS: Dally 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 starage
iron as reflected by the logarithm of the ratio of transferin
receptor to ferritin conceniration, In females, who donated
at 3-month intervals, the same daily doses not only
restored the iron balance but also led fo an increase in
stdrage iron. The number.of gastrointestinal side effects
due to fron supplementation (12%} was only slightly
higher in both iron groups than in the placebo giroup.
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
blocd 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
doners.* 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 fernale donors is still open. In
addition, controlled studies on iron supplementation in
malé 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(TER/F) = logarithin of ratio of the soluble transferrin receptor
to ferritin concentration.
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RADTKE ET AL

the soluble transfertin receptor to ferritin concentiation
(logi TfR/F]), which was showrt to have a highly linear cor-
relation to body storage iron, is currently the most precise
measwre 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 preducts con-
sisted of identical capsules in blister packs containing 1.5
mg pyridoxal-phosphate, 2,25 pg cyanocobalamine, 400
mg ascorbic acid, 200 pg folic acid, and 75 pg biotin with-
“out (placebo) or with 20 mg of elemental iron as ferrous

gluconate (Fe™) (Phyt-Tmmun GmbH, Homburg, Ger-

many). Ascorbic acid was added to enhance iron absorp-
tion. Because most people believe in beneficial effects of
vitarnin supplements, the other. selected vitamins were
added for improved compliance: The form of iron used

289 regular donors,
male gender, Hb > 13,5 g/,

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 coliection
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-menth intervals.
The ferales 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. (males) 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, GroRostheim, Germany). Ferritin and sol-
uble transferrin receptor concentrations in serum were

237 regular donors,
female gender, Hb > 12,5 g/di,

informed consent informed consent
Visit 0 Visit 0
Randomization Randomization
Visil© 97 assignedto _ 96 assigned to 96 assigned te 79 assigned o 79 assigned io 79 assigned to Visit 0
bt 40 mg Fe® daily 20 mg Fe™ daily 0 g Fe** daily 40 mg Fe** daily 20 mg Fe* daily 0 mg Fe* daily
. 21 dropped out 17 dropped owt 25 dropped out
Visit 1 74 donated 78 donated 67 donated
2 deferred 1 deferred 4 deferred 13 dropped out 24 dropped out 32 dropped out
| ] ] 66 donated 53 donated 43 donated Visit 1
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 put 5 dropped out 7 dropped out 9 dropped out [1 dropped out 7 dropped out
Visit 3 53 donated 53 donated 36 donated 56 donated 44 donated 34 donated Visit 2
1 deferred 1 deferred 4 deferred | deferred 0 deferred 6 deferred

Fig. 1. Flow of participants during study.
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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 pg 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 g per L (males) or 22 g
per L (female) for serum ferritin, Assuming a dropoul rate
of 50 percent, we arrived at a final sample size 0f 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(TiR/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 hefore 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 = 8 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 ug per L at baseline to
21 pg per L at the final visit, the number of males with
depleted iron stores (ferritin <12 pg/L) increased from 20
percent to 54 percent, and the mean concentration of sol-
uble trapnsferrin 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 munber 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
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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 Cther

Reason (%) (n/total} (%) {n/total) (%) (nftotal) (%) {n/total) -
Male donors

40 mg iron 15.5 15/97 52 5/97 124 12/97 134 13/97

20 mg iron 18.8 18/96 6.3 696 . 16.7 16/96 . 341 3/96

0 mg iron (placebo} 20.8 20/96 6.3 6/96 21.8 21/96 11.8 11/96
Female donors .

40 mg iron 8.9 779 25 2179 10.1 8/79 6.3 578

20 mg iron 20.3 16/79 6.3 5/79 114 9/79 6.3 579

0 mg iron (placebo) 24.1 19/79 38 379 10.1 879 11.4 ar79
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. Females
TABLE 2. Serum ferritin concentration, number of donors with depleted
iron stores (ferritin concentration <12 ﬁgIL), and logarithm of the ratio of Ofthe 237 female volun'teers (age range,
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, vielding a dropout
Ferritin (ug/L) Depleted iron stores log(TTR/F) rate of 28 percent in the 40 mg iron
Visit number {mean + 8D) (%) {n/total} (mean + SOy group, 44 percent in the 20 mg iron
M::lg r‘f:;”i‘:& group, and 49 percent in the placebo
0 8271275 26.3 20178 1.54 + 0.51 group (p = 0.015; Fisher’s exact test). A
1 31.4 188 16.2 12774 1.47 £ 048 total of 69 (72%) of the female dropouts
2 30.2+20.8 17.9 10/56 1.50 £ 0.51 . f P
3 i 130 54 152 £ 055 withdrew before the:lr second visit
20 mg iron (Table 1). The mean interval between
0 3471363 25.3 2073 1.48 £ 0.48 visits was 88 days. Deferral from dona-
1 33,11 333 218 17/78 1.46 £ 0.44 :
0 0.0+ 307 054 15/50 VAT % 045 tion becau.se of unacceptable dropout
3 250+ 19.8 24.5 13/53 1.52 %+ 0.47 concentration values (<125 mg/dL}
¢ mg iron (placebo) occurred in 13 of 546 visits (2.4%). This
? g?; fg?; ggg ;:g; }g? f gfg was the case more frequently in the pla-
2 24.9.+ 247 29.8 14147 1.60 + 0.52 cebo group than in the 20 mgand 40 mg
3 214275 53.9 21/38 1.67+ Q.53 iron groups (n=10vs. 2vs. 1, p=0.001;
Female donors Pisher's exact test). Compliance wa
40 mg iron 8 ) est). p s
0 19.3 % 15.0 39.4 26/66" 1.43 + 0.65 poor in roughly one-quarter of the
1 285£19.8 15.2 10/66 1.26 £ 0.49 female participants.
202mg on 31.4£194 14.0 8/57 1.29+0.54 In the female p]acebo group, the
0 20.0 +32.3 54.6 30/55 1.38 + 0.46 mean concentration of serum ferritin
1 23.3£27.9 45.1 23/51 1.36 + 0.42 decreased from 18 pg per L at baseline
0 i g iron (placebo) 23.5£28.1 3.1 1544 1.354 049 to 15 pug per L at the final visit, the num-
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+ 12.3 48.7 19/39 1.55 4 0.66 (49%), and the mean soluble transferrin
" receptor concentration rose from 1.4 mg
perLto 1.6 mg per L (Table 2, Fig. 4}. In
the female 20 mg iron group, serum ferritin increased
Males Females
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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(TR/F).

1430 TRANSFUSION Volume 44, October 2004

from 20 pg per L to 24 pg per L, the number of individuals
with depleted iron stores decreased from 55 percent to

34 percent, and the transferrin receptor concentration

remained neartly constant (1.4 mg/L). In the female 40 mg
iron group, ferritin concentration rose from 19 pg per L to
31 pg per L, transferrin receptor level fell slightly from 1.4
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(TiR/F)
value increased by neatly 0.09 per donatior 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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