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Abstract

BACKGROUND: The optimal approach for reducing iron depletion (ID) in blood donors may
vary depending on biologic or behavioral differences across donors.

STUDY DESIGN AND METHODS: More than 12,600 successful whole blood donors were
enrolled from four US blood centers for ferritin testing. The study population was enriched for
racial/ethnic minorities (1605 African American, 1616 Asian, 1023 Hispanic). Subjects completed
questionnaires on ID risk factors. Logistic regression identified predictors of absent iron stores
(AIS; ferritin <12 ng/mL) and low ferritin (LF; ferritin <26 ng/mL).

RESULTS: Across all subjects, 19% had AIS and 42% had LF, with a sharp increase in risk
observed with increasing donation intensity and among women a large decrease in risk in those
more than 50 years old. When other factors were controlled for, African American and Asian
donors showed 20% to 25% decreased risk for AIS compared to non-Hispanic Caucasian donors,
while Hispanic donors had 25% higher risk. Daily iron supplementation reduced risk for LF and
AIS by 30% to 40%, respectively, while the benefit from less frequent use was lower (7%-19%
protection). Regular antacid use was associated with at least 20% increment to risk. Use of oral
contraceptives or estrogen in females reduced risk by 16% to 22%, while males who reported
supplemental testosterone use had a 50% to 125% greater risk for LF and AlS.
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CONCLUSIONS: This study confirms high prevalence of LF and AlS in US donors and the
principal risk factors of age, sex, and donation frequency. Additional demographic and behavioral
risk factors of secondary importance might allow for refinement of ID mitigation strategies.

Iron depletion (ID) is common in blood donors, with estimated prevalence of intermediate
ID (ferritin <26 ng/mL) of 33% to 40% in United States and Canadian donors.2:2 Other
jurisdictions have also found high rates of 1D in their donor populations.3-> No US blood
center uniformly tests the iron status of all donors and little systematic testing is performed
elsewhere,8.7 but donor age, sex, and donation frequency are routinely documented risk
factors for 1D.2-58-11 |ron deficiency, particularly with concurrent anemia, has been
associated with a number of adverse outcomes, including cognitive dysfunction, fatigue,
decreased exercise endurance, pica, and pregnancy-related complications.12 This study
identifies similarities and differences in risk for ID in a largely unselected, racially diverse
US blood donor population.

MATERIALS AND METHODS

Subject recruitment and enrollment

Subjects were a subset of donors enrolled in the REDS-111 RBC-Omics study designed to
examine the genetic and metabolic basis of blood donor susceptibility to ID, iron-related
symptoms, and red blood cell (RBC) hemolysis at end of storage.13 The parent RBC-Omics
study was enriched for racial/ethnic minorities and for high-intensity donors who gave at
least 9 RBC units in 2 years without a hemoglobin (Hb) deferral. Target enroliment was
2000 each African American, Asian, Hispanic, and high-intensity donors and 6000 non-
Hispanic white (NHW) donors.

Each of four REDS-I11 blood centers tailored recruitment strategies to maximize efficiency,
subject to the same eligibility criteria: signed informed consent, successful whole blood
donation (minimum Hb level of 12.5 g/dL for male and female subjects), age at least 18
years old, and willingness to consider being recalled for another blood draw. No additional
blood volume was drawn, nor was additional phlebotomy or fingerstick required for
enrollment. At enrollment, participants self-reported race/ethnicity and completed a
questionnaire on factors that could affect iron status (iron supplementation, menstrual status,
antacid use, exogenous hormone use, and smoking) and on symptoms potentially associated
with ID (pica, restless leg syndrome). Donation history was sourced from blood center
operational databases for statistical modeling.

Ferritin testing

Samples for ferritin testing came from EDTA retention tubes, which were centrifuged and
plasma separated and frozen within 5 days of collection.14 Ferritin testing was performed on
a chemistry analyzer (Model AU680, Beckman-Coulter; linear range, 8-450 ng/mL). “Low
ferritin” (LF) was defined as a ferritin level of less than 26 ng/mL, and “absent iron stores”
(AIS) as ferritin levels of less than 12 ng/mL, with LF inclusive of AIS (e.g., they are
overlapping categories).8
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Statistical analysis

RESULTS

The primary objective of this study was to characterize the iron status of a racially/ethnically
diverse blood donor population. Qualitative comparisons of iron status were made by
summarizing the average ferritin value in first-time and “reactivated” (no donations in prior
2 years) donors, whose ferritin levels would not be strongly influenced by previous blood
donation.® Median and interquartile range (IQR) ferritin values were stratified by race/
ethnicity, sex, and age, and the proportion with LF was determined. No statistical tests were
performed for these initial assessments.

The prevalence of LF and AIS was summarized for all donors in each race/ethnicity group,
and logistic regression was used to develop unadjusted odds ratios (ORs) for demographic
(age, sex, weight), donation (donations in past 2 years and interval since last donation), and
behavioral characteristics (iron supplementation, smoking, use of antacids, and use of
hormones). Adjusted ORs were derived with multivariable logistic regression. Models
stratified by race/ ethnicity allowed for comparison of demographic factors and donation
intensity across race/ethnicity. Models for NHW donors were run both with and without the
white high-intensity donors; after it was determined that the model results were unchanged
with high-intensity donors included, the remaining models retained them. Model parameters
from the stratified analyses allowed for estimates of the prevalence of LF and AlS by sex
and age group within each race/ethnicity group as well as the amount of unexplained
variation (“residuals”) remaining by age and sex after accounting for donation frequency,
body weight, use of supplemental iron, and blood center. A model including all subjects
allowed for formal statistical assessments of differences by race/ethnicity as well as
inclusion of behavioral factors not routinely collected from blood donors. Data analysis took
place with computer software (SAS/STAT software, Version 9.3, of the SAS System for
Windows, SAS Institute).

Study population

Of 13,323 subjects enrolled in RBC-Omics with ferritin measured, 640 reported American
Indian, Native Hawaiian, or multiple race and were excluded from this analysis. Less than
1% of participants were excluded from the analysis for lack of ferritin value.13 The
remaining 12,683 participants in the analysis included 1605 African Americans, 1616
Asians, 1023 Hispanic donors of Caucasian race, and 8439 NHW (1959 high-intensity and
6480 unselected donors). Table S1 (available as supporting information in the online version
of this paper) shows the distributions of demographic and behavioral factors by race/
ethnicity groups. As expected, the NHW group, which included high-intensity donors, were
more likely to be older and to donate more frequently than the other groups. Female donors
were more likely to take iron supplementation than male donors whereas African Americans
and Hispanics were more likely to report smoking than Asians and NHW donors (Table S1).
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Among subjects with no recent donations, females and the youngest donors have lower

iron stores

In first-time donors and reactivated donors with no donations in 2 years, LF and AIS were
examined to assess ferritin levels uninfluenced by blood donation. The proportion of first-
time and reactivated donors was greater in the three minority race/ethnicity groups
(37%-55%) compared to NHW donors (17%-22% overall, 25% excluding high-intensity
donors). The median and IQR of ferritin values by age, sex, and race/ethnicity (Table 1)
mirrored patterns observed in previous population studies:2-5:8-10.15.16 majes with higher
values than females, younger subjects with lower values than older subjects in both sexes,
and higher values for females older than age 50 across all race/ethnicities. In contrast, peak
median values for male subjects varied by race/ethnicity, occurring in age group 20 to 29 in
Asian males and at ages 50 to 59 in African American males. A decline in median ferritin
values was observed in all racial/ethnic groups in older males. The proportion of female
donors with LF was most pronounced in the youngest age group, varying from 45% to 65%
in Asian and African American females less than 20 years old, respectively. The prevalence
of LF declined after age 50 across all race/ethnicities in females. In male donors, prevalence
of LF was less than 10% in most age strata, with an increased prevalence after 50 observed
for all race/ethnicity groups (Table 2).

Prevalence of ID varies by race/ethnicity and is higher in Hispanic donors

Across all participants, the prevalence of AIS ranged from 20% in African American
females to 30% in Hispanic females (Table S2), and from 4.4% in African American males
to 16% in NHW males (10% excluding the high-intensity donors, whose high donation
frequency was associated with high frequency of AIS and LF). The prevalence of LF ranged
from 43% in African American and Asian females to 59% in Hispanic females and from
16% in Asian males to 38% in all NHW males (27% excluding high-intensity males). The
aggregate prevalences of AlS and LF were 19 and 42%, respectively (17 and 38%,
respectively, excluding high-intensity donors).

Unadjusted estimates indicate higher ID risk for females, younger donors, those with
higher donation count and with shorter donation intervals

Unadjusted ORs for LF and AIS, stratified by race/ethnicity, identified much higher risk for
females than males, higher risk in 18- to 19-year-olds, a strong increase in risk with higher
donation frequency, and shorter interval since one’s last donation (Table S2, available as
supporting information in the online version of this paper). Supplemental iron use showed
little association with LF and AIS, whether for daily or less frequent consumption. In
contrast, subjects who reported having smoked in the past 30 days, altogether representing
less than 10% of subjects, had unadjusted ORs for AIS and LF between 0.4 and 0.7. Regular
or occasional use of any of 10 listed prescription antacids, reported by 14% of subjects,
showed no association with iron status.
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Multivariable analysis confirms similar patterns of risk across race/ethnicities, indicates
that race/ethnicity is an independent predictor of iron status, and allows for evaluation of
other risk factors

Multivariable logistic regression, stratified by race/ethnicity, provides a qualitative
comparison of the association between demographic and behavioral variables and risk for
ID. In Table 4 and Table S3, the modeled risk for ferritin levels of less than 12 and less than
26 ng/mL, respectively, generally reinforces risk factors identified in prior studies and in
univariable analyses here: female sex, higher donation count, and lower body weight were
associated with higher risk for AIS and LF, while postmenopausal status in females was
associated with a lower risk. Using a reference age range of 40 to 49 years old, females have
odds for ferritin levels of less than 12 ng/mL that are approximately threefold (Hispanic and
NHW) to 16-fold (African American) greater than males of their respective race/ethnicity
stratum, and approximately fourfold (NHW) to sixfold (African American) greater for
ferritin levels of less than 26 ng/mL. After age 50 years, the odds for LF in females decrease
by at least one-third compared to females 40 to 49 years old. Compared to donors with no
donations in 2 years, the first one to two previous donations during the preceding 2 years
roughly double the odds for ferritin levels of less than 12 or less than 26 ng/mL, and the
estimated risk progressively increases commensurate with additional units donated.
Donating 7+ units in the prior 2-year period increases the odds for a ferritin level of 12
ng/mL approximately 10-fold, and for ferritin levels of less than 26 ng/mL by roughly 15-
fold compared to those with no donations. Across all groups, each additional pound of body
weight is associated with approximately 0.5- to 1-percentage-point decline in odds for LF
and AIS, with most comparisons statistically significant.

Some differences emerge in comparing results across racial/ethnic groups. In the reference
group—male donor age 40 to 49, with no donations in the prior 2 years, not taking iron, and
weighing 180 pounds (Table 4)—there is a six-fold difference in prevalence for ferritin
levels of less than 12 ng/mL, from less than 1% in African Americans to 6% in NHW. A
similar finding occurs in the model for ferritin levels of less than 26 ng/mL, with a range
from 4.1% in African Americans to 11.3% in NHW donors (Table S3). In both ferritin
models, the youngest African American males stand out for having estimated risk that was
statistically distinguishable from 40- to 49-year-olds of their same race, and for ferritin
levels of less than 26 ng/mL the African Americans who are 60+ years of age also have a
higher modeled risk (OR, 2.8; 95% CI, 1.3-6.0). Otherwise, with the sole exception of Asian
male donors age 30 to 39 in the ferritin <12 ng/mL model, the Cls for male donors of all age
groups include 1, indicating that observed differences in prevalence of ID in male donors are
largely accounted for by factors distinct from age. In contrast, as noted, the risk in females
uniformly declines in age groups 50 to 59 and 60+ years old for all groups in both ferritin
models, with Cls excluding 1 for nearly all comparisons. While females less than 20 years
old appear at higher risk for African Americans, Hispanic, and NHW donors, the OR is
highest for Hispanic donors less than 20 years old (OR, 5.6; 95% ClI, 2.8-11.3) in the ferritin
<12 ng/mL model, and the elevated risk compared to 40- to 49-year-olds extends to Hispanic
females 20 to 29 and 30 to 39 years old. For ferritin <26 ng/mL model, a similar
phenomenon is observed.
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Another difference across race/ethnicity is the association between self-reported iron
supplementation and risk for LF. Only for Asian and NHW donors was the expected
protective effect of iron supplementation observed, with a gradient in ORs indicating a
higher level of protection with daily iron taking compared to less-than-daily practice. These
findings are significant for NHW in both the ferritin <12 and <26 ng/mL models and are
significant for Asians in the ferritin <26 ng/mL model (borderline in the <12 ng/mL model),
with similar magnitudes of effect. In contrast, for African American and Hispanic donors,
the observed association with daily iron supplementation appears relatively weak and does
not achieve significance, while less-than-daily supplementation is associated with no
significant effect or, counterintuitively, is associated with an OR value of more than 1,
indicating increased risk rather than a protective effect (OR, 1.8 for Hispanic; 95% CI,
1.1-2.9 in the ferritin <26 ng/mL model).

Models including all subjects (Table 5) allow for formal comparisons of risk for ferritin
levels of less than 12 or less than 26 ng/mL across race/ethnicity and for assessment of
covariates of relatively lower frequency in the study population. After other risk factors were
controlled for, race/ethnicity remains a significant contributor to iron status. Both African
American (OR, 0.81; 95% ClI, 0.68-0.96) and Asian (OR, 0.76; 95% CI, 0.62-0.91) subjects
are at moderately lower risk for ferritin levels of less than 12 ng/mL than NWH donors,
while Hispanic donors are at elevated risk (OR, 1.25; 95% CI, 1.04-1.52). Similar results are
obtained for ferritin levels of less than 26ng/mL.

Smoking, reported by 8% of all subjects, with rates ranging from 4% in Asian females to
16% in Hispanic males, was associated with reduced risk for LF (Table 5) compared to those
reporting not having smoked in the prior 30 days. Odds for a ferritin level of less than 12
ng/mL were approximately one-third less than those in smokers (OR, 0.66; 95% ClI,
0.54-0.81) and of similar magnitude for a ferritin level of less than 26 ng/mL. Use of
prescription antacid medications—reported by 14% of subjects—was associated with a
modest increase in risk for a ferritin level of less than 12 ng/mL (OR, 1.24; 95% ClI,
1.08-1.42) and a ferritin level of less than 26 ng/mL (OR, 1.21; 95% Cl, 1.08-1.37). Use of
exogenous hormone supplements, reported by 1% to 2% of males and 15% to 20% of
female donors, was associated with opposite effects in the two sexes: use of oral
contraceptives or estrogen in females was associated with a moderately lower risk for ID that
was only significant in the model for a ferritin level of less than 26 ng/mL (OR, 0.78; 95%
Cl, 0.67-0.90). In males, testosterone was associated with an elevated risk that was only
significant in the model for a ferritin level of less than 12 ng/mL (OR, 2.29; 95% ClI,
1.35-3.89).

Plots of observed and modeled risk for ferritin levels of less than 12 and less than 26 ng/mL
indicate that observed prevalence and intrinsic risk might differ in subpopulations of donors.
In Fig. 1A, plots of measured prevalence of ferritin levels of less than 12 ng/mL in NHW
donors show little variation across age groups in men and a decline in females from
approximately 40% in females younger than 20 years old to 25% in those 60 or older. In Fig.
1B, which plots model residuals to show the “unexplained” risk attached to each age-sex
pairing, the heightened risk for young females is accentuated, whereas females age 60 or
older have risks virtually indistinguishable from male donors. Also, while empirical
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observations reflect a growing prevalence of ferritin levels of 26 ng/mL in Caucasian males
as age increases (Fig. 1C), the model residuals shown in Fig. 1D indicate that the adjusted
risk is stable across age groups.

In similar fashion, Figs. 2A and 2B, 2C and D, and 2E and 2F show the observed and
modeled risk for ferritin levels of less than 12 ng/mL in African American, Asian, and
Hispanic groups, respectively. While the general trends of higher risk in females than males,
and a convergence of observed and modeled risk in females toward those of males in older
age groups was uniformly observed, these curves differ from each other and from the much
larger group of NHW in some details. In both Fig. 2A and 2B, for example, a higher risk for
young African American males was evident. In Figs. 2C and 2D, the observed and modeled
risk curves for male and female Asian donors cross such that male Asians 60 or older were
indicated as having greater risk then their female counterparts. Fig. 2D also indicates,
uniquely across the four groups, a risk for a ferritin level of less than 12 ng/mL that
increased with age in males, even if not monotonically. Plots for measured and modeled
ferritin levels of less than 26 ng/mL for African American, Asian, and Hispanics are shown
in Fig. S1.

DISCUSSION

The iron status of blood donors has become a prominent issue in recent years both in the
United States'217 and internationally.%7 This study of 12,683 racially and ethnically diverse
blood donors affirms a high prevalence of ID in US blood donors and characterizes risk
factors beyond age, sex, and donation frequency. Excluding the high-frequency cohort in our
study, the proportion of donors with ferritin levels of less than 12 ng/mL was 17% while
38% had ferritin levels of less than 26 ng/mL. In multivariable analysis, African American
and Asian donors had odds for ferritin levels of less than 12 ng/mL approximately 20% to
25% lower than those of NHW donors, while those for Hispanic donors were 25% greater.
Smokers, representing approximately 8% of the participants, had odds for ferritin levels of
less than 12 ng/mL approximately one-third lower than those of nonsmokers, of comparable
magnitude to the protective effect observed for daily iron supplementation, which was
reported by 25% of donors. Use of antacid medications, known to inhibit intestinal
absorption of dietary iron, raised the odds for LF by approximately 20%, while use of
exogenous hormones was associated with slightly lower risk in females and with elevated
risk in males.

These results extend those from the REDS-I1 RISE study8® and complement a simulation
study based on RISE analysis outputs.! Although the RISE study design precluded direct
extrapolation of its results to the US donor population, the logistic regression results allowed
for development of simulation models estimating overall prevalence of ferritin levels of less
than 12 and less than 26 ng/mL of 13 and 33% in presenting donors with a successful
donation, respectively.! This study’s findings of 17 and 38% in unselected donors with
ferritin levels of less than 12 and less than 26 ng/mL, respectively, provide additional
evidence that a sizable proportion of US donors donate blood with completely depleted
storage iron and twice as many donate with at least an intermediate stage of ID.
Continuation of existing efforts to protect donors from the consequences of 1D is justified,
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and Hispanic donors might benefit from additional attention. These results serve as a
benchmark for future studies on the prevalence of iron deficiency in US donors and the
outcome of potential mitigation efforts.

Based on carefully designed surveys of the general US population and the results from
RISE, the approximately 15% to 20% reduction in risk for LF or AIS, respectively, observed
in African Americans compared to Caucasian donors was unexpected. The National Health
and Nutrition Examination Survey from 1988 to 1994 (NHANES-I111) found that 8% of
Caucasian and 15% of African American women age 20 to 49 years old had iron deficiency,
based on abnormal laboratory values from two of three indicators (erythrocyte
protoporphyrin, transferrin saturation, and serum ferritin).1> Comparable differentials were
more recently found between African American and Caucasian females age 12 to 49 years
for ferritin levels of less than 12 ng/mL in surveys spanning 1999 to 2006 and for negative
iron balance (body iron <0 mg/kg) between 2003 and 2006.16 In a multivariable analysis of
the 2003 to 2006 NHANES data, Pfeiffer and colleagues!® found that 10 sociodemographic
and lifestyle variables accounted for only 4% to 13% of the variation in iron status for
women age 20 to 49 years, with ferritin levels of non-Hispanic blacks 7% lower than NHW
donors. The RISE study found black donors at elevated risk for intermediate iron deficiency,
but at equivalent risk for a ferritin level of 12 ng/mL.8 A plausible, but unproven,
explanation for the lower iron deficiency risk for African American donors in this study
could be the differing distributions of Hb in Caucasian and African American individuals.
While a minimum Hb level of 12.5 g/dL is required for eligibility to donate blood in the
United States (increased to 13.0 g/dL for male donors in May 2016) independent of race/
ethnicity, the lower limit of healthy African American females is suggested as 11.5 g/dL and
that of African American males at 12.8 g/dL, thus 0.5 to 0.8 g/dL lower than their Caucasian
counterparts.1® Hence, whereas this cutoff would permit donation from Caucasians near or
below the lower limit of normal, it would enrich for African American donors above the low
bound of normal and who would accordingly be less likely to have LF or AIS. Further,
African American blood donors may not be representative of all African Americans sampled
in the NHANES study.

Prior research of non-blood donors found that smokers have increased ferritin,18 while
previous studies of the effect of smoking on ferritin in blood donors have been mixed. Our
results, indicating a reduction in odds for LF and AlS of approximately 30%, are consistent
with the Danish results in older females and with RISE findings.>:9 Our findings also
reinforce those of the NHANES study by Pfeiffer and colleagues, 8 which showed a 24%
increase in ferritin in smokers. Although confounding by alcohol use, which is positively
correlated with both smoking?? and ferritin values,2:22 might explain in part our findings,
the Pfeiffer study, which controlled for alcohol, showed that smoking and alcohol had
independent effects on ferritin of comparable magnitude.18 While the mechanism of how
smoking impacts iron homeostasis is under active investigation,23:24 ferritin’s being an
acute-phase reactant responsive to inflammation, infection, and other stimuli is relevant. A
large study of the Danish cohort confirms low-grade inflammation, as measured by C-
reactive protein, in donors who smoked, were obese, and used oral contraceptives.2> Our
study did not measure inflammatory markers, but the multivariable model results for female
hormone use, smoking, and body weight are consistent with ferritin elevation due to
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inflammatory stimulus. Future studies might productively evaluate the accuracy of ferritin
and other biomarkers of iron status in donors with increased likelihood of inflammation.

Antacid medications, known to inhibit intestinal iron absorption, are commonly used in the
adult population and were reported by 14% of this study’s subjects. One recent study, based
on longitudinal analysis of total body iron from the STRIDE study, estimated that antacid
use in frequent donors was associated with a reduction of 57 mg of iron in the form of
ferritin and a decrease of 88 mg in total body iron (storage iron plus that in RBCs).2% The
latter quantity, equivalent roughly to one-third of the iron content of a whole blood donation
in the United States, can now be correlated with an attendant increase in risk in antacid users
for intermediate or advanced ID of 20%, controlling for other risk factors.

Exogenous hormone use showed differing effects on male and female donors in our study.
Females reporting oral contraceptives or estrogen use had 15% to 22% lower odds for
ferritin levels of less than 12 and less than 26 g/dL, respectively, consistent with hormonal
contraception’s reduction of menstrual bleeding as well as low-grade inflammation. Use of
testosterone in male donors, in contrast, was associated with a significant doubling of odds
for ferritin levels of 12 ng/mL. Although reported by only 1.5% of the male donors in this
study, testosterone therapy has emerged as an area of growing scrutiny. Testosterone
prescriptions have increased sharply in the US population recently,2” and concerns exist that
some donors on testosterone therapy might be motivated to donate by the desire to receive a
therapeutic benefit.28 Polycythemia is a common adverse event associated with testosterone
replacement, and frequent phlebotomy is the recommended treatment, occurring under
physician’s orders in some cases. Testosterone use is not typically reported by donors,
however, nor part of the usual health history questions. ID is commonly found in patients
diagnosed with polycythemia vera;29 we also found ID in allogeneic blood donors reporting
exogenous testosterone use.

While this study contributes to the growing literature on iron status of blood donors by
enrolling a racially/ethnically diverse cohort of donors and analyzing potentially actionable
risk factors, it has some limitations. As a cross-sectional study, causal relationships may not
be ascertainable. This might be seen, most notably, in the inconsistent associations across
race/ethnicity (Table 4 and Table S3) between iron supplementation and ferritin levels. It
may be that some, or even many, donors within a given subgroup are taking iron due to
knowledge of poor iron status or low Hb, which could confound these results. Likewise,
donors taking antacids may have LF due to occult gastrointestinal blood loss rather than or
in addition to reduced iron absorption. The cross-sectional data collection does not allow for
identifiability of potential confounding by indication, and we did not elicit donor
motivations for iron supplementation or gastric acid reducing medications. It is possible that
some donors had recently initiated iron supplementation in response to blood center
messaging, but available evidence indicates a large majority of donors either do not
supplement with iron (80%) or report motivations for supplementation unrelated to blood
donation (10%), suggesting negligible to modest impact.30 Finally, these findings do not
address the clinical relevance of specific ferritin levels in the absence of anemia. The clinical
impact of nonanemic iron deficiency remains the subject of debate,31:32 leading to
controversy about how strongly to intervene to mitigate potentially adverse outcomes.
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Nonetheless, the findings here reinforce our understanding of the major factors associated
with ID, namely, donation frequency, sex, weight, and age, to which race/ethnicity can now
be added. Additionally, iron supplementation, lower use of antacids, and use of oral
contraceptives/estrogen when clinically indicated may improve iron status. Of these factors,
iron replacement and/or decreasing donation frequency appear to be the only actionable
factors that can be translated into practical strategies that can be implemented at blood
centers to reduce ID, while age, sex, race/ethnicity, and weight can help individualize or
tailor these strategies to protect donor health and enhance donor retention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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less than 26 ng/mL (C) for NHW subjects, stratified by sex. Residuals from logistic
regression models that omit age and sex show the unexplained variability for ferritin levels
of less than 12 (B) and less than 26 ng/mL (D) for each pairing of sex and age. [Color figure
can be viewed at wileyonlinelibrary.com]
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