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Abstract

BACKGROUND—A minimum male hemoglobin (Hb) of 13.0 g/dL will become an FDA 

requirement in May 2016. In addition, extending whole blood (WB) interdonation intervals (IDIs) 

beyond 8 weeks has been considered in order to reduce iron depletion in repeat blood donors. This 

study estimates the impact these changes might have on blood availability and donor iron status.

STUDY DESIGN AND METHODS—Six blood centers participating in REDS-II collected 

information on all donation visits from 2006–09. Simulations were developed from these data 

using a multi-stage approach that first sought to adequately reproduce the patterns of donor return, 

Hb and ferritin levels, and outcomes of a donor’s visit (successful single or double RBC donation, 

deferral for low Hb) observed in REDS-II datasets. Modified simulations were used to predict the 

potential impact on the blood supply and donor iron status under different Hb cutoff and IDI 

qualification criteria.

RESULTS—More than 10% of WB donations might require replacement under many simulated 

scenarios. Longer IDIs would reduce the proportion of donors with iron depletion, but 80% of 

these donors may remain iron-depleted if minimal IDIs increased to 12 or 16 weeks.

CONCLUSION—Higher Hb cutoffs and longer IDIs are predicted to have a potentially large 

impact on collections but only a modest impact on donor iron depletion. Efforts to address iron 

depletion should be targeted to at-risk donors, such as iron supplementation programs for frequent 

donors, and policy makers should try to avoid broadly restrictive donation requirements that could 

substantially reduce blood availability.
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INTRODUCTION

Approximately 13 million (M) red cell components are transfused annually in the United 

States.1 Ensuring an adequate blood supply requires blood centers to recruit new donors 

while also relying heavily on those with an established commitment. Measurement of donor 

hemoglobin (Hb) is intended to prevent collection of blood from anemic donors, but is often 

erroneously considered a good proxy for iron status. Until recently, a common Hb 

requirement of 12.5 g/dL has applied to male and female donors in the US; effective May 

2016 a minimum hemoglobin (Hb) of 13.0 g/dL for male donors is the new FDA 

requirement.2

This report uses donor information collected between 2006–2009 at REDS-II blood centers 

and data from the REDS-II RISE study to model the impact of changes in Hb cutoff and 

potential changes in the minimal interdonation interval (IDI) on the US blood supply, and on 

the prevalence of low iron in the blood donor population.

MATERIALS AND METHODS

Two primary sources of REDS-II data were used for this analysis: The Donation/Deferral 

database and the RISE study dataset.

1. Donation/Deferral Database: Six blood centers, accounting for >8% of 

annual US blood collections, participating in the National Heart, Lung, 

and Blood Institute (NHLBI) REDS-II program provided data. During 

2006–2009, data on donor demographics (age, gender, race/ethnicity), 

visit date and eligibility outcome (donation vs. deferral), donation 

procedure (whole blood, apheresis platelets, etc.) and phlebotomy 

outcome (successful, quantity not sufficient, etc.), and cause for deferral 

were collected. Supplemental information was compiled for > 90% of 

donor visits, including height and weight, and a quantitative value for the 

fingerstick Hb or hematocrit (Hct) test of record during 2008 and 2009. 

Overall, 1.9M donors made 6.1M presentations during the 4-year period; 

1.8M donor visits in 2008–2009 had a quantitative Hb or Hct available.

2. RISE Study Dataset: The RISE study of iron deficiency in blood donors, 

has been described elsewhere.3,4 Briefly, 2425 donors were recruited into 

4 cohorts stratified by gender and recent donation history and followed for 

15–24 months. Donors with no prior donation history (FT), or not within 

the last two years (RA) entered the “First-Time/Reactivated” donor cohort 

(FT/RA), while females with 2 or males with 3 WB donations in the prior 

12 months entered the Frequent Repeat (RPT) cohorts. Two measures of 

iron depletion were assessed: 1) Iron Deficient Erythropoiesis (IDE), an 

intermediate stage of iron depletion was defined as the upper 2.5% of the 
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distribution of log(soluble transferrin receptor/ferritin) in the FT/RA male 

cohort at enrollment, corresponding roughly to ferritin < 26 ng/mL; and 2) 

Absent Iron Stores (AIS), defined as ferritin < 12 ng/mL.

A detailed summary was prepared of donor presentations for allogeneic WB or RBC 

apheresis donation and productivity over the full 4-year REDS-II data collection. Donors 

were classified into 8 sub-groups based on gender and 4 similar-sized age groups at their 

first appearance during 2006–2009. Number of donors, red cell components donated, and 

low Hb deferrals were summed by group, and measures of donor return and productivity 

were derived. As a first approach to estimating impact on blood availability, a parallel 

dataset was created that artificially lengthened return IDIs to a hypothetical new minimum 

duration (12, 16, or 20 weeks). Observed donation visits were mapped to new dates, with all 

IDIs shorter than the “new” minimum extended to exactly the new minimum and those at or 

above the new minimum maintained. Any donations that shifted in time beyond the end of 

the 4-year observation period (12/31/09) were counted as “lost” donations. Lost donations 

were summed and normalized as a proportion of red cell components donated during the 

2006–2009 period for all six REDS-II blood centers in aggregate, for both genders, and for 

each of the 8 age-gender cohorts.

The impact of adjusted Hb cutoff values was also estimated. Quantitative Hb or Hct values 

were tabulated for the 5 REDS-II blood centers that captured the test results electronically. 

Hct values were converted to Hb values by dividing by 3.04. The proportion of successful 

donation visits from male donors with qualifying Hb below hypothetical alternate cutoffs of 

13.0 and 13.5 g/dL was derived. Since the Final Rule contemplates lowering female donor 

cutoffs to 12.0 g/dL,2 a level within physiologic norms, the proportion of female deferral 

visits with Hb values between 12.0 and 12.5 was similarly calculated.

To assess predictors of Hb deferral observed in the Donation/Deferral Database, we 

developed a repeated measures logistic regression model with potential predictor variables 

limited to data that routinely are (demographics) or could reasonably be (recent donation 

intensity) operationally available at the time of donor presentation or scheduling.

Simulation models were developed using a multi-stage approach that first sought to establish 

a baseline simulation such that it adequately reproduced the patterns of donor return and 

visit outcome observed in the REDS-II database under existing criteria for Hb cutoffs (12.5 

g/dL) and IDI (8 weeks). Five input models contributed to this effort. Details of each model 

are found in the online Appendix:

1. A “Donor Return Model” used survival methods to predict the timing of a 

donor’s return visit following presentation to donate. Simulated outcomes 

at each donor visit were a function of the combined results of Models 2–4 

to follow. Simulated iron status was based on Model 5.

2. A “Hemoglobin Model” that used longitudinal linear regression to predict 

absolute Hb values in donors at a given visit based on demographic 

characteristics and recent donation activity.
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3. An “Other Deferral Model” that used longitudinal logistic regression to 

estimate the probability of being deferred for something other than low Hb 

as a function of factors relating to blood center procedures, donor 

demographics, and prior donation history.

4. An “R2 Model” that used longitudinal logistic regression to predict 

donation of two units of red cells at a single donation visit; and

5. A “Ferritin Model” that used longitudinal linear regression to predict 

donor log10 ferritin levels on a continuous scale at each presentation.

The first 4 models were developed from the REDS-II Donation/Deferral Database; Model 5 

was based on parameters developed from the RISE study. Upon development of the baseline 

simulation, 10 additional scenarios were modeled that specified longer minimum IDIs 

(altered assumptions to Model 1) and/or the minimum Hb required to qualify for donation 

(altered cutoff for classification of outcome in Model 2). The results from 38 simulation runs 

were averaged to predict the potential impact on the blood supply and on donor iron status 

under different donor acceptance criteria. Aggregate outcomes of red cell collections and 

low iron in donors are shown here for all scenarios. Results by gender and race are available 

in an online Appendix.

RESULTS

Table 1 shows that females accounted for 55% of unique donors and 46% of red cell 

collections over the 4-year period. For both genders, the two older age groups (35–50 and 

50+) showed higher return rates and greater donation productivity than the two younger age 

groups (≤ 20 and 20–35 years old). The average annual donation rate varied widely, with the 

oldest donors donating twice as frequently as those in the youngest age group. The 

proportion donating twice or more on an annualized basis varied roughly four-fold (4.5% in 

youngest vs. 20.6% in oldest age group for females, 8% vs. 31.5% in males).

The estimated aggregate impact of longer IDIs was modest, with loss of 3% of red cell 

collections at 12-week intervals, 7% at 16-week intervals, and 11% at 20-week intervals. 

However, it varied considerably with observed donation productivity across donor sub-

groups. In those groups with lower return rates and less frequent donations, longer IDIs had 

a relatively modest impact; e.g, with a 20-week IDI, component loss was only 3% from 

donors ≤20 years of age. In contrast, the estimated impact ranged from 10 to 18% in male 

and female donors 35 years of age and older.

Table 2a presents the percentage of male donor donations made during 2008–2009 for which 

the fingerstick Hb value was below 13.0 or 13.5 g/dL. These unadjusted data suggest that 

raising the Hb level could reduce blood collections from male donors from 5 to 14% for 

alternate cutoffs of 13.0 and 13.5 g/dL, respectively, with an even larger effect in Black male 

donors, reflecting the lower Hb values in a healthy Black population compared to 

Caucasians. These data serve as a useful benchmark for the more sophisticated modeling 

approaches shown in subsequent tables.
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Much of the expected donation loss in male donors could potentially be offset by lowering 

the female donor Hb cutoff to 12.0 g/dL. Table 2b shows that 42% of females with a low Hb 

deferral had recorded Hb values between 12.0 and 12.4 g/dL. Recovery of these ineligible 

donors yields an additional 193,000 units over the 4-year period. This surpasses the 

estimated loss of red cell collections from males at a 13.0 g/dL Hb cutoff (135,694 

donations), but is only half that at a 13.5 g/dL cutoff (388,084 donations).

Table 3 provides results from three longitudinal models evaluating the association of 

demographic factors, donation history, and blood center with Hb deferral and blood donor 

Hb and iron levels. The estimated risk of low Hb deferral was 16-fold higher in female than 

in male donors, declined in females after childbearing years, and in males climbed steadily 

with age. It was more than twice as high in Black than White donors, was lower with 

increased weight in male donors, varied considerably across centers, and decreased with 

higher donation intensity. Additionally, the elevated risk for Hb deferral at next presentation 

persisted for 6 months or more, considerably longer than the current minimum 8-week IDI 

(Fig 1A–B).

The association between demographic and other factors and absolute Hb levels in the linear 

hemoglobin model mostly reflected the corresponding increase or decrease in risk for Hb 

deferral. For example, Hb levels were essentially flat in women during childbearing years, 

but increased in women aged 50 and older, the point at which Hb deferral risk declines. In 

men, Hb levels declined steadily with each successive age group, spanning a range of 0.67 

g/dL from youngest to oldest; this corresponded to a six-fold higher risk for Hb deferral in 

the oldest group.

The ferritin model presented in Table 3 indicates much lower iron stores in female donors 

than in males. Controlling for race/ethnicity, recent donation history, weight and blood 

center, females in the reference group of 40–49 years of age had levels of ferritin estimated 

at 49 ng/mL, 63% lower than comparably aged male donors (132 ng/mL). As with Hb, iron 

stores were increased in females after age 50. Recent donation history was an important 

contributor to iron status. In females of childbearing age, as few as 1–3 donations in two 

years was associated with a 61% decline in ferritin values. A similar decline was found in 

males, albeit reaching that magnitude only with 7–9 donations in two years. In females >50 

years of age, the impact of donation on ferritin levels appeared less pronounced than for 

other donors.

Table 4 compares the observed to the simulated distributions of donation visits and outcomes 

for 2008–2009. The donor count is fixed by design, while the remaining elements reflect 

probabilistic transitions between visits, i.e. a stochastic process. Overall, the simulation 

model underestimated the observed visit count in the actual REDS-II database by about 7% 

(see discussion); however the proportional distribution of visits across the four possible 

outcomes (successful donation of one or two red cell components, and Hb or other deferral) 

matched the observed REDS-II data fairly well. Thus, the simulated distributions 

represented the observed distributions on a slightly smaller scale and the baseline simulation 

model was judged satisfactory to serve as the foundation for comparisons under alternate Hb 

deferral thresholds and IDI scenarios.
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Ten modeled scenarios are presented in Table 5 in addition to the baseline scenario. In 

simulations 1–3, the IDI was lengthened. In simulations 4–6, Hb cutoffs were altered for 

males (simulations 5 and 6), or for both male and female donors (simulation 4). Simulations 

7–10 show results from combined changes to both IDI and Hb cutoff. All scenarios but one 

were associated with decreased component availability. Only simulation 4 - maintaining an 

8-week IDI while shifting male and female Hb cutoffs to 13.0 and 12.0 g/dL, respectively - 

had a net positive effect on availability (+3.5%), Raising the male donor Hb level to 13.0 

g/dL (simulation 5) or 13.5 g/dL (simulation 6) without altering the minimum IDI was 

predicted to lead to a 1.1% or 4.0% drop in red cell components collected, respectively; this 

was half the magnitude of the estimated loss suggested by Table 2a.

In comparison, lengthening the IDI was associated with a larger drop in collections. With no 

change to Hb requirements, a 4-week extension of the 8-week IDI for both genders 

(simulation 1) was associated with a drop of 7.7% in red cell components. Extending the IDI 

in women to 16 weeks (simulation 2) increased the red cell loss to 9.5%, while extending the 

IDI in both men and women to 16 weeks (simulation 3) resulted in an estimated 13.3% loss.

Table 5 suggests that iron depletion is a relatively common condition in those accepted for 

blood donation, with roughly one in eight donors having absent iron stores (AIS, or ferritin < 

12 ng/mL) and one in three having ferritin below 26 ng/mL, an intermediate stage of iron 

depletion. Raising the minimum Hb requirement for men had virtually no effect on these 

proportions, while lowering female Hb cutoffs to 12.0 g/dL raised the estimate by less than a 

percentage point to 13.8% (simulation 4). Lengthening the IDI had a more appreciable 

effect, with adoption of a 12-week IDI (simulation 1) predicted to result in a drop from 

13.1% to 11.6% for AIS (11% difference). Extending the IDI to 16 weeks for both genders 

(simulation 3) resulted in a further small reduction in AIS to 10.8%. Though meaningful in 

relative terms (18% decline in AIS compared to baseline), these results indicate that even 

with such a change, about 80% of the AIS present in blood donors would not be reversed, 

while such an intervention might result in a 13% loss of red cell components.

This can be explained by the extended time required to recover the iron lost in a typical WB 

donation, shown in Panels E and F of Figure 1. Graphed separately for pre- and post-

menopausal females and for male donors, as well as by recent donation intensity, the return 

to pre-donation ferritin levels takes far longer than 8-weeks, extending well beyond more 

than12 months in some groups. More generally, these iron recovery curves and other results 

in Figure 1 suggest considerable heterogeneity in impact of and physiological response to 

blood donation after controlling for demographic factors and for blood center, similar to 

findings of other modeling efforts5,6 and to rigorously controlled trials, as discussed below.7 

Panels A-B reflect change in risk for Hb deferral, within each group (Males, Females < 50, 

Females ≥ 50) compared to the risk for a donor with similar demographics and no prior 

donation history. Panels 1C and 1D present the modeled recovery curves of Hb in absolute 

terms following blood donation. The salient conclusion from all three models are that 

differences in Hb and iron recovery vary by age, gender, and donation intensity, and for 

many donors a return to baseline iron status occurs long after 8 weeks.
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The extent to which changes in Hb cutoffs or lengthened IDIs might have variable impacts 

on sub-groups of donors is shown in Figure 2. Relative changes to baseline for red cell 

collections, Hb deferrals, and AIS in blood donors are shown by gender (2a) and race/

ethnicity (2b). Aggregate change in red cell collections or Hb deferrals can mask 

considerable underlying differences across sub-groups of donors. This heterogeneity in the 

modeled results reflects that seen in observed patterns of donor presentation behavior and 

donation outcomes seen in Table 1, where two- to four-fold differences were seen across the 

different measures of donor productivity.

DISCUSSION

Ensuring the well-being of blood donors is a priority for blood centers and regulators. Two 

areas of concern are the need to protect donors from anemia with appropriate Hb screening 

eligibility values and to limit donation-induced iron depletion. Analysis of large population 

databases indicates that Hb reference ranges for healthy males are higher than for females, 

suggesting that Hb cutoffs for blood donation could reasonably be set at different levels for 

each gender.8 Our modeled data (see Hemoglobin Model -Table 3), indicated that males in 

the reference age group 40–49 have predicted Hb levels that are 1.8g/dL higher than 

females. Our results add to available evidence that the large majority of male donors have 

Hb levels well above the minimum 12.5 g/dL. In addition, they provide quantitative 

estimates of the proportion of presenting female donors with Hb between 12.0 and 12.5 

g/dL. Data reported here and elsewhere9 suggest that an offsetting 0.5 g/dL change (an 

increase for males and a decrease for females) would be neutral or even result in a net 

positive impact on red cell inventories. In the FDA final rule, the male Hb cutoff has been 

raised to 13 g/dL but the female cutoff has been maintained at 12.5 g/dL. However, a 

provision has been made for obtaining an FDA variance to lower the female Hb cutoff to 12 

g/dL provided that an institution can demonstrate that it has taken appropriate steps to 

protect female donors with Hb between 12 and 12.5g/dl from iron deficiency as a result of 

blood donation. Whether female donors in this Hb range are more likely to be iron deficient 

than females with higher Hb has not been rigorously studied. One might expect that to be the 

case since some female donors in this range could have experienced drops in Hb levels due 

to insufficient iron levels; however, ferritin testing for females in this range would 

differentiate between non-anemic donors and those with iron deficiency anemia.

An AABB Association Bulletin recommended measures for reducing or preventing iron 

deficiency in blood donors.10 One potential strategy discussed was to adopt longer IDIs or 

otherwise restrict donation frequency. This latter point included a significant caution that due 

consideration should be given to the impact on blood availability for which, until now, little 

data were available for consideration. One recent analysis11 and another commentary12 

indicated a significant impact on availability with lengthened IDIs, especially for high-

demand components such as Group O products, but both reports were limited by evaluating 

only one blood center over a single year’s time. In contrast, the simulation results presented 

herein represent projections from 6 geographically dispersed and demographically diverse 

blood centers. Importantly, they control for dynamic (time-varying) variables and explicitly 

take account of the lower risk for Hb deferral conferred by longer IDIs. The same variability 

that leads to divergent productivity over time in different sub-groups of donors has 
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implications for setting an appropriate IDI. Historically, the original 8-week IDI was 

established following studies in predominantly young men,13 even though 25% of this 

presumably iron-replete population failed to fully recover pre-donation Hb levels within an 

8-week period. However, healthy young males are a minority of modern blood donors, with 

females contributing nearly half of red cell collections and those older than 35 being the 

most productive donors for both genders. In these donor subgroups, our results show that the 

estimated recovery time for both Hb and iron appears to extend well beyond 8 weeks and 

potentially as long as several months, and as shown in Figure 1 differs by gender, age, and 

recent donation activity. Substantial heterogeneity across donor subgroups is reinforced by 

other modeling studies5,6 and by the randomized controlled trial, HEIRS.7 In HEIRS, the 

time to recovery of the Hb and iron lost in a single donation varied widely, and donors not 

assigned iron supplements on average took longer than 24 weeks to return to pre-donation 

levels. In contrast, donors assigned iron pills (38 mg) had uniformly accelerated recovery of 

both Hb and iron levels, with modest variability across donors. Similarly, the STRIDE study, 

another recently completed RCT, demonstrated that low-dose iron (19 mg) equivalent to 

over-the-counter formulations available in the US strongly improved donor Hb and iron 

levels and sharply reduced their Hb deferrals compared to controls.14 Importantly, it 

suggested that merely providing donors information about their iron status following a 

donation might be sufficient to stimulate donor initiation of iron supplementation. In sum, 

while lengthening IDI seems a reasonable approach for reducing iron deficiency in blood 

donors, its impact is marginal on the prevalence of AIS in blood donors. For donors not 

taking supplemental iron, longer IDIs are usually insufficient to recover the Hb and iron lost 

in a donation; for those who do take iron, longer IDIs confer little to no benefit. Hence, 

given the potentially substantial impact on red cell availability of longer IDI, alternate 

solutions such as recommending or providing iron supplements to repeat donors, with or 

without targeted ferritin testing, appear to be preferable approaches. The growing prevalence 

of patient blood management programs and concomitant decline of red cell products 

transfused1 together may allow blood centers to diminish reliance on high frequency donors, 

even without regulatory changes requiring longer IDI. For those donors who return 

frequently, however, iron supplementation will likely be needed to avoid iron depletion.

One should interpret our simulation studies with appropriate caution. There may be 

important respects in which RED-II blood centers are not representative of the national 

donor population. Second, if to any extent our modeled relationships of ferritin and Hb as a 

function of donor characteristics and donation frequency are imprecise, such inaccuracies 

would be embedded in our simulations. Third, the estimates of impact on availability are 

highly sensitive to assumptions about blood donor return behavior, a complex phenomenon 

influenced by motivation, convenience, quality of the donation experience, health status, and 

other factors, such as changes in blood center scheduling. Fourth, model validation was 

driven primarily by approximating aggregate empirical results; results from sub-populations 

might be subject to greater levels of uncertainly. Fifth, the baseline simulation only 

approximates the actual REDS-II database, resulting in a7% underestimate of donor visits 

(whereas baseline simulation standard deviation of donor visits is about 5%). This could in 

part be due to chance, as well as the challenges in estimating donor return behavior, but in 

any case should have minimal impact on findings since alternative scenarios are compared to 
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baseline simulation and not actual REDS-II database. Finally, we have not attempted to 

account for any response by blood centers to the simulated changes. One should anticipate 

that tighter restrictions on donor frequency will lead to enhanced recruitment efforts by 

blood centers to replace the units of red cells they might otherwise lose. In this respect, the 

references to “lost” components should be understood to reflect units “potentially lost” in 

the absence of additional blood center efforts to maintain collections at a level required by 

their hospital customers. Hence, the results should be considered informative as to the 

direction and relative magnitude of changes in red cell collections, Hb deferrals, or donor 

iron status and not as reflecting absolute precision of likely outcomes.

Ideally, methods to limit or reduce iron deficiency secondary to blood donation will strike a 

balance that targets interventions to higher risk populations and appropriately weighs the 

importance of component availability to patients, especially high demand products such as 

Group O units and scarce products such as those for sickle cell patients. Two recent RCTs 

(HEIRS and STRIDE) have addressed these issues in detail, with both studies indicating a 

more active role for blood centers in helping donors replace the iron lost in a successful 

donation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. 
Modeled estimates for change in hemoglobin deferral risk, hemoglobin levels, and iron 

levels in low- and high-intensity donors following donation

Red line = Males; Green line = Females < 50 years-old; Blue line = Females ≥ 50 years-old. 

Panels 1A-B show estimated change in risk for Hb deferral (Odds ratio) for those with 1–3 

donations (1A) and 4+ donations in prior 2 years (1B); comparisons for Hb deferral risk are 

intra-group. For low- and high-intensity donors (similarly defined), Panels 1C–D show 
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estimated recovery of Hb levels (g/dL) and Panels 1E-F recovery of iron levels (% decrease 

in ferritin). For Panels 1C-F, the vertical line reflects the current deferral period.
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Fig 2. 
a: Change in Red Cell Collections, Hb Deferrals, and AIS at Donation by Gender under 3 

alternate scenarios

b: Change in Red Cell Collections, Hb Deferrals, and AIS at Donation by Race under 3 

alternate scenarios

Sim 1: Male Hb = 12.5, Female Hb = 12.5, Male Interval = 12 weeks, Female Interval = 12 

weeks

Sim 4: Male Hb = 13.0, Female Hb = 12.0, Male Interval = 8 weeks, Female Interval = 8 

weeks

Sim 8: Male Hb = 13.5, Female Hb = 12.5, Male Interval = 12 weeks, Female Interval = 12 

weeks
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Table 4

The baseline simulation closely approximates observed distributions

Count Percent (standard error)

Observed Baseline Simulation
(standard error1)

Observed Baseline Simulation
(standard error1)

Donors 1,074,313 1,074,313 (N/A) NA NA

Total visits 2,463,431 2,299,735 (132) NA NA

R1 visits 2,033,994 1,877,990 (136) 82.57% 81.63% (.31%)

R2 visits 111,595 117,254 (45) 4.53% 5.12% (.19%)

Other deferrals 151,979 143,567 (27) 6.17% 6.25% (.13%)

Hemoglobin deferrals 165,863 160,924 (46) 6.73% 7.00% (.19%)

1
Based on 38 simulations

Baseline simulation models 2008–2009 data for donation visits and outcomes under existing donor qualification criteria.
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