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Background: High school students 16–18 years-old (yo) contribute 10% of the United States 

blood supply. Mitigating iron depletion in these donors is important because they continue to 

undergo physical and neurocognitive development.

Study design and methods: Study objectives were to determine the prevalence of iron 

depletion in 16–18 yo donors and whether their risk for iron depletion was greater than adult 

donors. Successful, age-eligible donors were enrolled from high school blood drives at two large 

US blood centers. Plasma ferritin testing was performed with ferritin <12 ng/mL our primary 

measure of iron depletion and ferritin <26 ng/mL a secondary measure. Multivariable repeated-

measures logistic regression models evaluated the role of age and other demographic/donation 

factors.

Results: Ferritin was measured from 4,265 enrollment donations September to November 2015 

and 1,954 follow-up donations through May 2016. At enrollment, prevalence of ferritin <12 

ng/mL in teenagers was 1% in males and 18% in females making their first blood donation, and 

8% in males and 33% in females with prior donations. Adjusted odds for ferritin <12 ng/mL were 

2.1 to 2.8 times greater in 16–18 yo than in 19–49 yo, and for ferritin <26 ng/ml were 3.3- to 4.7-

fold higher in 16–18 yo. Progression to hemoglobin deferral was twice as likely in 16–18 yo vs 

19–49 yo females.

Conclusion: Age 16–18 yo is an independent risk factor for iron deficiency in blood donors at 

any donation frequency. Blood centers should implement alternate eligibility criteria or additional 

safety measures to protect teenage donors from iron depletion.
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INTRODUCTION

Iron depletion is common in blood donors, estimated to be present in 33% of US donors.1 

The prevalence of iron depletion is directly related to donation intensity and, therefore, is 

present in approximately two-thirds of female and half of male donors who donate 

frequently.2 Hemoglobin testing prevents donation by those with iron deficiency anemia 

(IDA) by establishing a minimum level of 12.5 g/dL for female and 13.0 g/dL for male 

donors, but has poor sensitivity to detect non-anemic iron deficiency (NAID).2 Since 2006, 

the number of states in the US allowing donation by 16-year-olds (yo) has risen from 6 to 

37.3 Consequently, high school-aged donors now contribute over 10% of the national supply, 

even as total collections have dropped from 17 to 12 million units of blood annually.4

Teenagers are undergoing continued physical growth and neurocognitive development, 

physiological processes that require iron. Teenage females are adjusting to iron losses from 

the onset of menses, and may also have inadequate dietary intake.5 Population-based studies 

in the US6 and elsewhere7 show lower iron stores in teenagers compared to adults, measured 

as serum or plasma ferritin. Thus, teenage blood donors may face more serious health 

consequences from donation than adult counterparts. To determine whether teenagers face 

higher risk for blood donation-associated iron depletion than adult donors, we assessed the 
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iron status of persons donating at high school blood drives over the course of a single 

academic year.

METHODS

Enrollment in the Comparison of donation History and Iron LeveLs in teenage blood donors 

study (CHILL) took place between September 1 and November 13, 2015 at two US blood 

centers participating in the National Heart, Lung, and Blood Institute (NHLBI) Recipient 

Epidemiology and Donor Evaluation Study-III (REDS-III) program: American Red Cross 

Blood Services in Farmington, Connecticut, and BloodCenter of Wisconsin in Milwaukee, 

Wisconsin. Enrollment occurred at blood drives hosted by high school sponsors during the 

first drive of the 2015–16 academic year. Eligibility criteria included: age 16–49 years old, 

successful donation, availability of residual blood samples (collected routinely for laboratory 

testing), and negative infectious disease test results. For donors age 16–18, a minimum 

estimated blood volume of 3.5L was also required for donation eligibility; this measure was 

instituted to reduce vasovagal reaction rates in young, inexperienced donors.8 Routine 

donation consent procedures were followed at both blood centers, where informed consent 

for donation includes language authorizing attendant research. Accordingly, written 

information about CHILL was included with standard informational materials provided to 

donors and parents or legal guardians prior to enrollment; donors could opt out of CHILL by 

donating at a different venue than the high school drive. With no study-specific consent or 

assent required beyond that for blood donation, enrollment was passive, with no research 

staff involved or recruitment at any drives. Institutional Review Boards at both blood 

centers, the REDS-III central laboratory (Blood Systems Research Institute, San Francisco, 

California) and the REDS-III data coordinating center (RTI International, Research Triangle 

Park, North Carolina) approved the study.

Donors were followed through May 31, 2016. Residual blood samples were retrieved at 

enrollment and subsequent donations at the same high school. The enrollment period 

transitioned to follow-up when the expected sum of enrollment plus follow-up donations 

surpassed 3,000 at each blood center, anticipating a ratio of enrollment to return donations of 

2:1. Donations made at other locations fell outside study tracking procedures and were not 

available for ferritin testing. Donor demographic characteristics were obtained from 

operational databases for all donor visits, including those from which ferritin values were 

not available.

Laboratory testing and donor notification

Residual blood samples collected in EDTA tubes were retrieved from blood center labs, 

electronically cross-referenced with Donation Identification Numbers from eligible donors, 

and stored at 4oC up to 5 days until centrifugation to separate plasma as previously 

validated.9 Plasma was stored at −80oC until shipment on dry ice for batch ferritin testing by 

the central laboratory after the final blood drive of the school year for each participating high 

school (Beckman-Coulter AU680 chemistry analyzer, Sacramento, California; linear range 

8–450 ng/mL).
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A notification letter was sent to each CHILL subject. The letter provided a quantitative result 

from their most recent ferritin test, the date of the corresponding donation, and messaging 

based on whether their iron stores were “low” (<26 ng/mL), “adequate” (26 to 550 ng/mL) 

or “high” (≥ 550 ng/mL) on the date of their donation. Subjects were provided a research 

office phone number for questions about the study, the results provided, and the 

recommendations contained therein.

Study objectives and analytical approach

The primary objectives were to estimate the prevalence of iron depletion in a cohort of 

teenage blood donors (16–18 yo) and to assess whether their risk for iron depletion was 

higher than adult controls (19–49 yo) after controlling for known risk factors including 

donation frequency and demographics. Initiating enrollment in September maximized the 

opportunity for longitudinal sample collection during a single academic year. Integration of 

CHILL into routine operations reduced the potential for selection bias in the case of 

differential rates of participation across subjects. Except for enrichment for high schools 

with multiple drives during the academic year, study donors represent an unselected 

population of age-eligible high school donors. Teenage donors at high school drives are 

mostly students who attend the school, whereas adults include staff, parents, and other 

community members and, hence, represent a convenience sample. Blood drive scheduling 

was unaffected by the study. The overwhelming majority of return donations were made at 

subsequent high school drives, though donors were able to donate elsewhere as long as the 

minimum 8-week interval between donations and other eligibility criteria were met.

A secondary objective was to assess whether risk for progression to IDA differed by age, 

after controlling for donation frequency and demographics.

Sample size

Monte Carlo simulations of a hypothetical study cohort were developed to determine sample 

size and power for estimation of risk for ferritin <12 ng/mL in 16–18 yo compared to 19–49 

yo donors. Simulations were based on high school donor demographics and donation 

frequency sourced from the longitudinal REDS-III donation database (July 2012 - December 

2016),10 estimated ferritin values in first-time donors from the National Health and Nutrition 

Examination Survey (NHANES) 2001–2002,6 and incremental risk for ferritin <12 ng/mL 

with progressing donation frequency from published longitudinal cohort data on risk for iron 

depletion by age, sex and donation behavior.2 A sample size of 4,000 donors was estimated 

to provide 80% power to detect a risk difference for ferritin <12 ng/mL of 16-percentage-

points and 90% power for a 20-point difference. Accordingly, the enrollment window was 

scheduled to close after approximately 2,100 subjects were enrolled at each blood center, 

from whom were expected an additional 900 donations during the study period.

Statistical methods

Baseline demographics were summarized for eight age-sex cohorts (16-, 17-, 18-, and 19–49 

yo by males and females). Enrollment hemoglobin and ferritin were stratified by first-time 

versus repeat blood donor and compared across age groups by sex. Mean ferritin for first-

time donors was compared to NHANES 2001–02 for all eight age-sex groups.6 Repeated 
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measures, multivariable logistic regression assessed whether young age was an independent 

predictor of low iron stores after controlling for donation frequency and recency, body 

weight, and sex. The impact of donation on ferritin in teenage versus adult donors was 

evaluated with interaction terms between age and prior two-year donation frequency and 

between age and time since last donation. Specific comparisons were made between 16-, 17- 

and 18 yo in logistic regression, with multiple comparison handled by Bonferroni 

adjustment. A priori candidate interactions were age by sex and weight by sex,2,11 although 

data-driven models evaluated all possible interactions using automated backwards 

elimination.

Estimates for the aggregate prevalence of ferritin <12 or <26 ng/mL in the two blood 

centers’ overall high school donor populations were developed by standardizing regression 

results to the entire high school donor population at both blood centers, thereby controlling 

for variation in donation frequency across high schools.

In exploratory analysis, risk for progression from NAID to IDA was assessed using 

exclusion from donation for low hemoglobin as a proxy measure (<12.5 g/dL) and was 

limited to female donors given the ten-fold difference in risk by sex.12 Unadjusted rates of 

deferral were compiled by age and donation frequency. Adjusted risk for low hemoglobin 

deferral was estimated using repeated measures logistic regression controlling for 

demographic characteristics and donation behavior.

Data analysis took place in SAS Enterprise Guide Version 7.13 using SUDAAN Release 

11.0.1.

RESULTS

Study population:

The study population included 4,265 blood donors enrolled at 121 high schools hosting one 

or more blood drives during the study period: 694 were 16 yo, 2,595 were 17 yo, 425 were 

18 yo and 551 were 19–49 yo at time of their donation at the first high school drive between 

September and November 2015 (Figure 1). Donors were evenly split by sex overall, but 61% 

of the 16 yo were female, while 65% of the 18 yo were male. Approximately 40% of the 

donors provided one to four additional donations, totaling 2,290 follow-up donations. 

During the nine-month study period, 8.2% of teenagers (n=305) donated three or more 

times. The cohort was majority Caucasian (61%), with 8% African-American, 5% multi-

racial or another race, and 26% unreported. Approximately 15% reported Hispanic ethnicity 

(Table 1).

Baseline hemoglobin and iron status:

Most donors (66%) were first-time donors at enrollment (Table 1). Older donors were more 

likely to have previously donated. Among repeat donors, increasing age was associated with 

higher number of previous donations. Hemoglobin was similar across age groups for first-

time male and female donors, and for repeat female donors (Figure 2A). In contrast, ferritin 

varied by age, sex, and prior donation history (Figure 2B). Male and female first-time donors 

had ferritin values comparable to age-based population surveys (Figure 3), with the 
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prevalence of ferritin <12 and ferritin <26 ng/ml in 16–18 yo females approximately 18% 

and 50%, respectively, nearly double that of first-time 19 to 49 yo females (Figure 2C, 

p<0.002 by ANOVA). The share of first-time males below either ferritin cut-off value was 

far lower than first-time females, but 16–18 yo males were more likely to have low ferritin 

than 19 to 49 yo first time males (Figure 2D, p<0.0001 by ANOVA for both 12- and 26 ng/

mL). The proportion of repeat donors of all ages with ferritin <12 ng/mL at enrollment was 

higher than first-time donors, ranging from 5–8% in males to 25–34% in females while 

ferritin <26 ng/mL ranged from 13–31% in males and 52–73% in females.

Age 16 to 18 yo is an independent risk factor for iron deficiency:

Overall, 17% of 6,219 study donations were associated with ferritin <12 ng/mL and 41% 

with ferritin <26 ng/mL (Figure 4A). In unadjusted analyses, younger age, female sex, lower 

weight, higher 24-month donation count and shorter interval since last donation were all 

associated with higher odds for either low ferritin outcome (Figure 4A). Race and ethnicity 

were not associated with iron status at enrollment or in longitudinal analysis. The elevated 

risk for iron deficiency associated with age 16–18 yo became stronger after controlling for 

other covariates. Donors 16 −18 yo at enrollment had odds for ferritin <12 ng/mL more than 

twice that of adults (OR 2.1, 95% C.I. 1.4, 3.2 for 18 vs 19–49 yo), and odds for ferritin <26 

ng/mL at least 3-fold higher than adults (OR 3.3, 95% C.I. 2.4, 4.4 in 18 yo; Figure 4B). 

Evidence for differences in risk for low ferritin when comparing 16-, 17-, and 18 yo was not 

demonstrated. Notably, the risk for low ferritin following donation persisted for at least one 

year. In subjects across all age groups, individuals donating at 8 to 16-week intervals had the 

largest risk, with odds for ferritin <12 or <26 ng/mL 5–6 times greater than those donating at 

intervals of one year or longer (Figure 4B); intervals of 24 to 52 weeks were associated with 

an OR of 2.1 (95% C.I. 1.1, 4.4) for ferritin <12 and comparable values for <26 ng/mL.

The impact of blood donation on iron status is mediated by sex:

Most interaction terms defined a priori did not improve model fit, but the automated data-

driven selection identified sex by donation frequency as an important predictor of low 

ferritin (Figure 4B). The odds for ferritin <12 or <26 ng/mL were 14.9 (95% C.I. 9.1, 24.3) 

and 10.0 (95% C.I. 8.0, 12.4) greater, respectively, in females than males with 0 donations in 

the last 24 months. However, the increase in risk with successive donations was sharper in 

males, with odds for ferritin <12 ng/mL of 15.9 in males who donated ≥ five units (95% C.I., 

5.6, 44.7) versus 2.4 (95% C.I. 0.8, 7.1) in females, a difference that derives in part from the 

low prevalence of ferritin <12 ng/mL in males with zero donations and measurement on a 

ratio scale. On an additive scale, the increased risk in males still outpaced that in females 

with increasing donation intensity, but the estimated risk for low ferritin was greater in 

females than in males at any given donation frequency (Figures 5A-B).

The impact of blood donation on iron status is mediated by age:

In a separate model analyzing donors 16–18 yo combined rather than as separate age groups, 

subjects age 16–18 yo with zero donations had an OR for ferritin <26 ng/mL of 2.6 

(95 %.C.I 1.8, 3.8) when compared to 19–49 yo. This risk further increased more quickly in 

16–18 yo compared to 19–49 yo with each additional donation in the prior 24 months 
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(Figures 5C-D), indicating that high school age donors begin their donation career at higher 

risk than adults 19–49 yo and that subsequent donations exacerbate the disparity.

Study donors were broadly representative of the larger high school donor pool at the two 
blood centers:

Standardization of modeled risk for ferritin <12 or <26 ng/mL to the overall high school 

donor population at the two blood centers found the iron status of study donors broadly 

representative of that of the larger high school donor pools. This extrapolation was feasible 

because the prediction models for low ferritin were based on routine donor information, with 

no additional data (aside from ferritin measurements) collected from CHILL donors than 

were collected from other high school donors at the two blood centers. In aggregate, 

approximately 25% of teen female high school donors were estimated to have ferritin <12 

ng/mL at the time of donation compared to 18% of adult females 19–49 yo; 60% of teen 

female and 40% of adult female high school donors were estimated to have ferritin <26 

ng/mL. Approximately 5% of male high school donors were estimated to have ferritin <12 

ng/mL and 20% to have ferritin <26 ng/mL, with little variation between teenagers and 

adults. In sum, the estimated prevalence of low ferritin in the overall high school donor 

population was essentially equivalent to that observed in CHILL subjects, suggesting that 

our findings were not influenced by the study enrollment procedures.

Teenage females had higher risk for low hemoglobin deferral than adults:

Enrollment hemoglobin distributions did not vary in females by age or donation history 

(Figure 2A). However, following their enrollment donation, unadjusted rates of deferral for 

low hemoglobin appeared higher in 16-, 17-, and 18-yo compared to 19–49 yo females 

(Table 2A). After controlling for demographic factors and donation behavior (Table 2B), the 

adjusted risk for low hemoglobin deferral remained higher in 16 yo females than 19–49 yo 

at subsequent visits (OR 2.3, 95% C.I. 1.2, 4.4). Iron status at enrollment was a strong 

predictor of the onset of low hemoglobin with subsequent donations. Donors with ferritin 

<12 ng/mL at enrollment had 5.9 times the odds of being deferred for a low hemoglobin 

(95% C.I. 3.9, 8.8) and those with ferritin 12 to 25 ng/mL 2.9 times the odds (95% C.I. 1.9, 

4.5) compared to donors with ferritin 26 ng/mL or higher at enrollment. Low hemoglobin 

deferral is much less frequent in males, and an effect of age and risk for hemoglobin deferral 

in males was not observed.

DISCUSSION

Frequent blood donation by adults produces iron deficiency in both males and females. In 

this longitudinal cohort of 3,714 teenage (16–18 yo) and 551 adult (19–49 yo) blood donors, 

male and female teenagers were more likely to be iron deficient at their first donation and 

more likely to become iron deficient with repeated donation than adults. The risk for iron 

deficiency lasted up to a year following donation, longer than previously documented.3 

Teenage females presenting for repeated donation were more susceptible than adult females 

to progress to hemoglobin below 12.5 g/dL, producing a low hemoglobin deferral, a result 

strongly associated with low ferritin at baseline.
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These findings extend the results from the REDS-II RISE study, which demonstrated a high 

prevalence of intermediate or advanced iron depletion in adult blood donors, only 5% of 

whom were younger than 20 yo.3,11 The accelerated depletion of iron stores and hemoglobin 

observed in teenagers occurred despite their meeting eligibility criteria for blood donation 

on their initial study entry, indicating that current safety standards inadequately protect 

teenagers from donation-induced iron deficiency and iron deficiency anemia. Overall, more 

than 40% of teenage donations came from individuals with ferritin <26 ng/mL and 17% 

from those with ferritin <12 ng/mL, raising potential public health concerns. Though data 

were not collected on clinical manifestations of NAID or IDA, a precautionary approach 

should be considered given our current understanding of iron deficiency. Neuroimaging 

studies have demonstrated that brain development continues into early adulthood,13 and iron 

depletion between ages 12 and 16 has been associated with altered brain structure 8 to 12 

years later in healthy young adults.14 In the latter study, both white matter integrity in the 

brain and serial assessments of iron status (measured as serum transferrin) were shown to be 

genetically-mediated, so the causal relationships appear to be complex and multifactorial. In 

women of reproductive age, alterations to cognitive function have been associated with iron 

deficiency without anemia.15,16 The recently published INTERVAL study, a randomized 

trial that assigned 45,000 UK donors to different levels of donation frequency, found no 

difference in cognitive function by donation frequency, but the study was powered for other 

outcomes and did not include subjects 16- or 17-years old.17 Any clinical impact from 

donation-associated iron depletion may be subtle and challenging to detect, and this issue 

would benefit from further scientific inquiry.

For US blood centers, our findings indicate that stronger measures than existing educational 

materials are needed to protect younger blood donors, a conclusion recently endorsed by an 

expert committee.18 Alternate approaches for mitigating this issue include discontinuing 

collections from some or all teenagers, limiting donation frequency in this age group, 

replacing iron by facilitating access to iron supplements, and testing donations for ferritin 

with appropriate deferral from future donation for those with iron deficiency. Outside the 

US, many jurisdictions report one or more of these measures to protect against iron 

depletion in younger blood donors, including setting a minimum age of 17 or 18.19 The US 

is not unique in applying the same eligibility criteria to 16- and 17 yo donors as adults, and 

in fact many countries rely heavily on younger donors up to age 25 compared to their share 

of the general population.20 Most countries, however, require longer interdonation intervals 

or allow fewer donations from female and often male donors compared to US regulations 

(56-day interval, 6 to 7 donations/year), and some require a higher minimum hemoglobin for 

male donors.19,21 The risk for iron depletion in blood donors is not a new concern,22 and the 

recent expansion of eligibility for 16 yo has occurred in parallel with increasing industry and 

regulatory scrutiny of the potential vulnerability of younger donors.18,23 Two large US blood 

collectors recently initiated ferritin testing of all 16–18 yo donors, with extended deferral of 

6- (male) and 12-months (female) for ferritin values below prescribed cutoffs.24,25 Given the 

variation in geography, donor populations, and blood center logistics, it is unlikely any 

single mitigation approach would be optimal for all blood collectors. The impact on blood 

availability of new restrictions remains unknown, but it should be measured as data 

accumulate and meanwhile should be assessed with predictive models or simulations.
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The large number of teenagers donating blood has implications for clinicians who care for 

them. Caregivers should consider routinely asking 16–18 yo patients if they have donated 

blood and consider screening both males and females who have done so for iron deficiency. 

Clinicians also may be consulted by teenage donors or their parents about the results of 

blood center ferritin screening, offering the opportunity to discuss the risk for blood 

donation-induced iron deficiency and how it can be mitigated by use of oral iron 

supplements or less frequent donation.

One limitation of CHILL is that dietary iron consumption and use of multivitamins and iron 

supplements were not measured. One previous study found donors age 17–25 were less than 

one-half as likely to report use of supplemental iron as older age groups (8% versus 18–

30%), 26 a finding consistent with population-based surveys.27 It may be that younger 

donors in CHILL were less likely to take iron supplementation, putting them at increased 

risk of NAID or IDA, and such behavioral differences might partly confound the reported 

associations with age. The comparisons between teen and adult donors could also be 

influenced by any enrichment of the adult control population for relatively robust donors. If 

those who respond poorly to donation –whether by experiencing side effects or being more 

likely to receive a deferral—discontinue donating, that creates the potential for selection bias 

in making comparisons by age of fitness for donation. CHILL did not match teen and adult 

donors by lifetime donation history, so this possibility cannot be ruled out. The potential 

phenomenon of adverse outcomes leading to donor dropout might be consistent with the 

reversal of female predominance of 16 yo donors at enrollment (61%) to male predominance 

(65%) in 18 yo donors. In any case, the theoretical possibility that teenage donors would 

compare more favorably to an adult population that includes lapsed donors does not 

diminish the importance or strength of the finding that current practice allows for onset of 

iron deficiency more readily in donors age 16 to 18 than in older donors, and that the 

youngest females are less capable of recovering the post-donation decrement in hemoglobin.

The CHILL study, in turn, had several strengths. With 96% of age-eligible donors enrolled 

(4,265 of 4,463 successful donors), selection bias due to differential participation rates is not 

a factor. The longitudinal design, together with availability of ferritin values from 95% of 

study visits (6,219 of 6,555), provides for robust data and analytical power. Although the 

study was conducted in only 2 blood centers, we believe the results are generalizable to 

other teenage blood donor populations for the following reasons: First-time donors had 

similar ferritin values to those reported in national surveys (Figure 3) and, thus, appear 

representative of the general population; and the prevalence of iron depletion in first-time 

adult donors was similar to that in first-time donors in the RISE study.11 (Tab1) Thus, the 

available evidence supports our findings of a high prevalence of iron depletion in teens and 

greater risk for iron depletion at any given donation frequency in teens compared to adult 

donors.
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Figure 1: CHILL study flow diagram.
Number of eligible donors by age (years completed) and sex at enrollment, with total 

donation count during CHILL (where “Nx” represents N successful donation procedures 

with 1 or 2 red cell units donated per procedure). Ferritin values were available from all 

4,265 enrollment donations and from 1,954 of 2,290 follow-up donations.
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Figure 2: Hemoglobin and ferritin values at enrollment.
A) Mean hemoglobin (± 1SD) of first-time (FT) and repeat (RPT) donors at enrollment 

stratified by age and sex (○ females, ● males). B) Median ferritin (IQR) of FT and RPT 

donors at enrollment stratified by age and sex, plotted on log 2 scale (○ females, ● males). 

C) Prevalence of ferritin <12 ng/mL (light blue) and <26 ng/mL (dark blue) among FT and 

RPT female donors at enrollment stratified by age. D) Prevalence of ferritin <12 ng/mL 
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(light blue) and <26 ng/mL (dark blue) among FT and RPT male donors at enrollment 

stratified by age.
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Figure 3: Mean ferritin at enrollment in CHILL first-time donors vs NHANES subjects from 
2001–2002.
Mean and 95% C.I. of the mean ferritin for CHILL first time donors at enrollment are 

plotted alongside age-sex counterparts from NHANES 2001–2002. Red denotes female 

values; blue denotes male values.
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Figure 4: Prevalence of and risk for ferritin <12 ng/mL or <26 ng/mL across 6219 study visits.
A) Unadjusted odds ratios for ferritin <12 ng/mL (left) and <26 ng/mL (right). Reference for 

Age is 19–49; for Sex is male; for Weight is ≥200 pounds; for Interval Since Last Donation 

is ≥52 weeks; for 24-Month Donation Frequency is 0. “n” represents the number of 

donations from subjects at each level of the modeled covariates, and “% <12” and “% <26” 

represent the proportion of donations at each level below the respective ferritin cutoff. B) 

Adjusted odds ratios for ferritin <12 ng/mL (left) and <26 ng/mL (right) in repeated 

measures multivariable logistic regression. Reference group is 19–49 yo male with 0 RBC 

donations in 24 months and weight ≥200 pounds; prevalence of ferritin <12 ng/mL is 0% 

and <26 ng/mL is 2%. Double red blood cell donation as most recent phlebotomy and blood 

center were also included in both models, but were not statistically significant and are not 

shown.
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Figure 5: The impact of donation frequency on iron status is mediated by sex and by age.
In separate longitudinal regression models, interaction terms indicate that the increase in risk 

for low ferritin with increasing donation frequency varies by sex (A, B) and by age (C, D). 

5A plots the predicted prevalence (± 1 SE) of ferritin <12 ng/mL by sex and RBC units 

donated in 24 months if all 6,219 donation visits were made by subjects of the indicated sex, 

assuming all other covariate distributions were unchanged (solid line = females, dashed line 

= males). 5B plots expected prevalence of ferritin <26 ng/mL for the sex by donation 

frequency interaction. A separate model with an interaction term for age group (16–18 vs 

19–49 years old) and donation frequency shows that donors 16 to 18 yo are more likely to 

have ferritin <12 ng/mL (C) and <26 ng/mL (D) with no donations and that the gap between 

younger and older donors grows with successive donations (solid line = 19–49 yo, dashed 

line = 16–18 yo).

Spencer et al. Page 18

Transfusion. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Spencer et al. Page 19

Ta
b

le
 1

:

B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

s 
of

 s
tu

dy
 d

on
or

s 
by

 s
ex

 a
nd

 a
ge

F
E

M
A

L
E

S
M

A
L

E
S

T
O

T
A

L

16
yo

17
yo

18
yo

19
–4

9y
o

16
yo

17
yo

18
yo

19
–4

9y
o

F
E

M
A

L
E

M
A

L
E

N
42

1
1,

21
7

14
9

29
4

27
3

1,
37

8
27

6
25

7
2,

08
1

2,
18

4

B
L

O
O

D
 C

E
N

T
E

R
*  

N

B
C

W
42

1
52

9
82

11
1

27
3

47
7

11
1

93
1,

14
3

95
4

A
R

C
-C

T
0

68
8

67
18

3
0

90
1

16
5

16
4

93
8

1,
23

0

R
A

C
E

 N
 (

%
) C

au
ca

si
an

23
4 

(5
6)

75
4 

(6
2)

97
 (

65
)

22
0 

(7
5)

14
4 

(5
3)

83
2 

(6
0)

13
6 

(4
9)

18
0 

(7
0)

1,
30

5 
(6

3)
1,

29
2 

(5
9)

A
fr

ic
an

-A
m

er
ic

an
19

 (
4.

5)
89

 (
7.

3)
10

 (
6.

7)
11

 (
3.

7)
15

 (
5.

5)
14

4 
(1

0)
36

 (
13

)
13

 (
5.

1)
12

9 
(6

.2
)

20
8 

(9
.5

)

O
th

er
 / 

m
ul

ti-
ra

ce
6 

(1
.4

)
65

 (
5.

3)
6 

(4
.0

)
3 

(1
.0

)
5 

(1
.8

)
91

 (
6.

6)
29

 (
11

)
6 

(2
.3

)
80

 (
3.

8)
13

1 
(6

.0
)

N
ot

 r
ep

or
te

d
16

2 
(3

9)
30

9 
(2

5)
36

 (
24

)
60

 (
20

)
10

9 
(4

0)
31

1 
(2

3)
75

 (
27

)
58

 (
23

)
56

7 
(2

7)
55

3 
(2

5)

E
T

H
N

IC
IT

Y
 (

an
y 

ra
ce

) 
N

 (
%

)

H
is

pa
ni

c
45

 (
11

)
19

6 
(1

6)
30

 (
20

)
28

 (
9.

5)
23

 (
8.

4)
27

5 
(2

0)
55

 (
20

)
18

 (
7.

0)
29

9 
(1

4)
37

1 
(1

7)

N
on

-H
is

pa
ni

c
22

7 
(5

4)
78

4 
(6

4)
91

 (
61

)
21

2 
(7

2)
14

3 
(5

2)
88

4 
(6

4)
17

8 
(6

5)
19

0 
(7

4)
1,

31
4 

(6
3)

1,
39

6 
(6

4)

N
ot

 r
ep

or
te

d
14

9 
(3

5)
23

7 
(2

0)
28

 (
19

)
54

 (
18

)
10

7 
(3

9)
21

8 
(1

6)
43

 (
16

)
49

 (
19

)
46

8 
(2

3)
41

7 
(1

9)

W
E

IG
H

T
 N

 (
%

)

11
0–

14
9 

lb
s

24
1 

(5
7)

70
1 

(5
8)

78
 (

53
)

12
4 

(4
3)

84
 (

31
)

38
5 

(2
8)

75
6 

(2
8)

11
 (

4.
3)

1,
14

6 
(5

5)
55

6 
(2

6)

15
0–

17
4 

lb
s

10
9 

(2
6)

29
0 

(2
4)

36
 (

24
)

83
 (

28
)

90
 (

33
)

42
0 

(3
1)

82
 (

30
)

46
 (

18
)

51
8 

(2
5)

63
8 

(2
9)

17
5–

19
9 

lb
s

40
 (

9.
5)

13
7 

(1
1)

17
 (

11
)

46
 (

16
)

44
 (

16
)

31
9 

(2
3)

63
 (

23
)

63
 (

25
)

24
0 

(1
2)

48
8 

(2
2)

20
0+

 lb
s

30
 (

7.
1)

89
 (

7.
3)

18
 (

12
)

39
 (

13
)

55
 (

20
)

25
4 

(1
8)

56
 (

20
)

13
7 

(5
3)

17
6 

(8
.5

)
50

3 
(2

3)

N
ot

 r
ep

or
te

d
1 

(0
.2

)
1 

(0
.0

)

P
R

IO
R

 D
O

N
A

T
IO

N
 H

IS
T

O
R

Y
 A

T
 E

N
R

O
L

L
M

E
N

T

Fi
rs

t-
tim

e 
do

no
r, 

N
 (

%
)

33
3

(7
9)

83
8

(6
9)

66 (4
4)

12
8

(4
4)

23
0

(8
4)

1,
01

1
(7

3)
12

5
(4

5)
10

0
(3

9)
1,

36
5

(6
6)

1,
46

6
(6

7)

Transfusion. Author manuscript; available in PMC 2020 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Spencer et al. Page 20

F
E

M
A

L
E

S
M

A
L

E
S

T
O

T
A

L

16
yo

17
yo

18
yo

19
–4

9y
o

16
yo

17
yo

18
yo

19
–4

9y
o

F
E

M
A

L
E

M
A

L
E

N
42

1
1,

21
7

14
9

29
4

27
3

1,
37

8
27

6
25

7
2,

08
1

2,
18

4

R
ep

ea
t d

on
or

,

D
on

at
io

ns
 la

st
 1

2m
†

1.
15

(0
.3

6)
1.

24
(0

.6
5)

1.
24

(0
.8

6)
1.

45
(1

.1
1)

1.
14

(0
.4

1)
1.

37
(0

.6
8)

1.
57

(1
.0

4)
1.

68
(1

.2
4)

1.
28

(0
.7

9)
1.

46
(0

.9
1)

R
ep

ea
t d

on
or

,

D
on

at
io

ns
 la

st
 2

4m
†

1.
15

(0
.3

6)
1.

50
(0

.7
7)

1.
86

(1
.0

4)
2.

70
(1

.8
9)

1.
14

(0
.4

1)
1.

52
(0

.7
7)

2.
03

(1
.2

5)
3.

10
(2

.1
3)

1.
78

(1
.2

5)
1.

95
(1

.4
3)

* B
C

W
 =

 B
lo

od
C

en
te

r 
of

 W
is

co
ns

in
; A

R
C

-C
T

 =
 A

m
er

ic
an

 R
ed

 C
ro

ss
, C

on
ne

ct
ic

ut
 B

lo
od

 S
er

vi
ce

s 
R

eg
io

n

† m
ea

n 
(S

D
)

Transfusion. Author manuscript; available in PMC 2020 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Spencer et al. Page 21

Table 2A:

Low hemoglobin deferral rate in female donors by count of units donated over trailing 24 months

Number of units of red cells donated over prior 24 months

1 unit 2 units 3 units 4 units ≥ 5 units

16 yo 11.3%
(238)

17.0%
(88)

33.3%
(21) NS* NS*

17 yo 12.8%
(665)

17.2%
(348)

18.8%
(128)

9.5%
(42)

12.0%
(25)

18 yo 9.0%
(67)

13.5%
(52)

15.2%
(33) NS* NS*

19 – 49 yo 5.9%
(101)

8.2%
(85)

8.8%
(68)

4.0%
(50)

5.0%
(80)

Rate of deferral for low hemoglobin estimated as (Number of low hemoglobin deferrals)/(Number of donor presentations to donate). Shown as 
deferral rate % (N donor presentations).

*
NS: Not shown (fewer than 20 donor visits at that combination of donation frequency and age).
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Table 2B:

Adjusted risk for low hemoglobin deferral at follow-up visits in female donors by age and iron status at 

enrollment visit

Adjusted ORs* 95% C.I.

Age

16yo vs 19–49yo 2.3 1.2, 4.4

17yo vs 19–49yo 1.5 0.9, 2.5

18yo vs 19–49yo 1.6 0.8, 3.3

Ferritin at enrollment visit

< 12 vs ≥ 26 ng/mL 5.9 3.9, 8.8

12 to 25 vs ≥ 26 ng/mL 2.9 1.9, 4.5

*
Adjusted ORs from repeated measures logistic regression model also controlling for race, weight, donation frequency, donation interval, and 

blood center.
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