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IMPORTANCE—Although blood donation is allowed every 8 weeks in the United States, 

recovery of hemoglobin to the currently accepted standard (12.5 g/dL) is frequently delayed, and 

some donors become anemic.

OBJECTIVE—To determine the effect of oral iron supplementation on hemoglobin recovery time 

(days to recovery of 80% of hemoglobin removed) and recovery of iron stores in iron-depleted 

(“low ferritin,” ≤26 ng/mL) and iron-replete (“higher ferritin,” >26 ng/mL) blood donors.

DESIGN, SETTING, AND PARTICIPANTS—Randomized, nonblinded clinical trial of blood 

donors stratified by ferritin level, sex, and age conducted in 4 regional blood centers in the United 

States in 2012. Included were 215 eligible participants aged 18 to 79 years who had not donated 

whole blood or red blood cells within 4 months.

INTERVENTIONS—One tablet of ferrous gluconate (37.5 mg of elemental iron) daily or no iron 

for 24 weeks (168 days) after donating a unit of whole blood (500 mL).

MAIN OUTCOMES AND MEASURES—Time to recovery of 80% of the postdonation 

decrease in hemoglobin and recovery of ferritin level to baseline as a measure of iron stores.

RESULTS—The mean baseline hemoglobin levels were comparable in the iron and no-iron 

groups and declined from a mean (SD) of 13.4 (1.1) g/dL to 12.0 (1.2) g/dL after donation in the 

low-ferritin group and from 14.2 (1.1) g/dL to 12.9 (1.2) g/dL in the higher-ferritin group. 

Compared with participants who did not receive iron supplementation, those who received iron 

supplementation had shortened time to 80% hemoglobin recovery in both the low-ferritin and 

higher-ferritin groups. Recovery of iron stores in all participants who received supplements took a 

median of 76 days (IQR, 20–126); for participants not taking iron, median recovery time was 

longer than 168 days (IQR, 147->168 days; P < .001). Without iron supplements, 67% of 

participants did not recover iron stores by 168 days.

Low-Ferritin Group (≤26 ng/mL) Higher-Ferritin Group (>26 ng/mL)

Iron No Iron Iron No Iron

Time to 80% hemoglobin recovery, mean (IQR), d 32 (30–34) 158 (126–>168) 31 (29–33) 78 (66–95)

Time to recovery of baseline ferritin levels, median 
(IQR), d

21 (12–84) >168 (128–>168) 107 (75–141) >168 (>168–>168)

CONCLUSIONS AND RELEVANCE—Among blood donors with normal hemoglobin levels, 

low-dose iron supplementation, compared with no supplementation, reduced time to 80% recovery 

of the postdonation decrease in hemoglobin concentration in donors with low ferritin (≤26 ng/mL) 

or higher ferritin (>26 ng/mL).

TRIAL REGISTRATION—clinicaltrials.gov Identifier: NCT01555060

It is estimated that 25% to 35% of blood donors become iron depleted from regular blood 

donation.1,2 In 2011, 9.2 million individuals in the United States donated 15.7 million units 

of red blood cells.3 Overall, 6.7% of these donors were deferred for not meeting the 

minimum capillary hemoglobin standard of 12.5 g/dL. Low hemoglobin, a late consequence 

of iron depletion, represents the single largest category of blood donor deferral and is more 

prevalent in women. Hemoglobin level and iron status are getting renewed attention as a 

donor safety issue based on increasing evidence that iron depletion is associated with 
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fatigue,4 decreased exercise capacity,5 neurocognitive changes,6,7 pica, and restless legs 

syndrome.8,9

Blood donors in the United States are allowed to donate 500 mL of whole blood every 8 

weeks (56 days). A study of “frequent” blood donors (women who donated ≥2 times/year 

and men ≥3 times/year) demonstrated that their risk for iron deficiency and hemoglobin 

deferral appears to be at least twice that of donors who donate 2 times per year or less 

frequently.2 Based on such findings, the US Food and Drug Administration has considered 

lengthening the minimum interdonation interval for all donors.10 Although available 

evidence indicates that iron supplementation improves iron status and reduces hemoglobin 

deferrals,11 the focus of many supplementation studies has been on a specific operational 

outcome (deferral) rather than physiologic end points, thus limiting their utility in evaluating 

variable donation intervals that are compatible with maintaining hemoglobin and iron 

equilibrium on a sustainable basis. To clarify the kinetics of hemoglobin recovery and 

associated replenishment of iron stores after blood donation, we assessed the effect of oral 

iron supplementation given for 24 weeks in a randomized nonblinded clinical trial.

Methods

Enrollment in the Hemoglobin and Iron Recovery Study (HEIRS) took place from April to 

December 2012 at 4 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, Farmington, Connecticut; BloodCenter of 

Wisconsin, Milwaukee; Blood Centers of the Pacific, San Francisco, California; and Institute 

for Transfusion Medicine, Pittsburgh, Pennsylvania (see the trial protocol in Supplement 1). 

Institutional review boards at each blood center, at the REDS-III Central Laboratory (Blood 

Systems Research Institute), and at the data coordinating center (RTI International, Research 

Triangle Park, North Carolina) approved the study. Volunteer whole blood donors 18 years 

and older were enrolled and assessed by ferritin testing for randomization and further 

participation in the trial. Each enrolled donor gave written informed consent to their 

participation.

An eligible participant was an individual who successfully donated a full (500-mL) whole 

blood unit on the day of enrollment and who had a history of 1 or more previous whole 

blood donations but no donations in the previous 4 months. Participants agreed not to use 

iron supplements other than those provided by study coordinators. Individuals with a 

baseline ferritin level exceeding 300 ng/mL were excluded so that individuals with iron 

loading conditions were not enrolled. Participants returned 3 to 8 days after blood donation 

and enrollment and, if meeting the stratified randomization requirements, were randomized 

to receive oral iron supplements or no treatment for 24 weeks of follow-up. During this time, 

they did not donate blood or take iron other than as assigned, and they provided blood 

samples. Pill adherence was assessed by asking questions of participants at each visit and 

examining blister packs returned at some visits. Participants were reimbursed $25 per visit.

Participants randomized to receive iron pills were provided information on common adverse 

events (AEs) from iron and asked to report them by telephone to each center’s study 

Kiss et al. Page 3

JAMA. Author manuscript; available in PMC 2016 November 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



coordinator. They were asked about AEs at each visit, including black stool, constipation, 

abdominal cramping, diarrhea, nausea, vomiting, bloating or indigestion, headache, metallic 

taste or sore mouth, hyperactive bowel sounds (loud grumbling sounds), itching or rash or 

hives, and leg cramps. Adverse events were managed according to a standard algorithm, 

typically by instructing affected participants to take pills every other day, except in the case 

of significant constipation, abdominal cramping, diarrhea, or vomiting. These AEs and 

others not listed were reported on a standard form to the principal investigator and evaluated 

by a physician expert in iron studies (safety medical monitor) who was not directly involved 

in the study. Participants in the no-iron groups were also asked to report AEs, which were 

evaluated in a similar manner. Serious AEs possibly related to iron or other aspects of the 

study resulted in withdrawal of the participant from the study. Serious AEs and reports of all 

AEs were reviewed by the safety medical monitor and reported to NHLBI staff and the 

chairman of their observational safety monitoring board, as well as to the appropriate 

institutional review boards.

Laboratory Testing

Ferritin, soluble transferrin receptor (sTfR), and complete blood cell count (CBC) were 

measured in a pre-donation sample. Laboratory testing was performed on pre-donation 

EDTA blood samples collected from a sampling pouch in line with tubing used to collect the 

whole blood unit and then on EDTA blood samples provided on 7 occasions: days 3 through 

8 and at 2, 4, 8, 12, 16, and 24 weeks after donation. Samples were considered valid if 

collected within 5 days of the scheduled time. Samples were tested for CBC (all visits), 

plasma ferritin (all visits), reticulocytes (all visits at 2 of 4 centers), and sTfR at the pre-

donation and final visits only. Plasma ferritin and sTfR were tested as previously reported, 

using a central laboratory.12 Complete blood cells counts (at each blood center) and 

reticulocyte counts (at 2 centers) were performed using similar automated hematology 

analyzers, which were standardized in accord with Clinical Laboratory Improvement 

Amendments requirements and validated by external proficiency testing.

Study Intervention

Participants were randomized to receive either oral ferrous gluconate, 325 mg, containing 

37.5 mg of elemental iron (Major Pharmaceuticals), once a day for 24 weeks or no 

treatment. A placebo pill was not used, and the study intervention was not blinded. Pill 

counts and adherence assessment were performed at each visit.

Randomization

Enrolled participants were evaluated for randomization at a return visit between days 3 and 8 

after blood donation and enrollment, based on their pre-donation ferritin values, sex, and 

age. A stratified enrollment and randomization scheme was followed to ensure inclusion of 

participants with varying iron stores and a slight overrepresentation of women (60% 

female/40% male) and individuals 60 years and older (20%). Participants were assessed for 

iron status per protocol as iron-depleted (“low ferritin,” ≤26 ng/mL) and iron-replete 

(“higher ferritin,” >26 ng/mL) based on the ferritin measurement at enrollment. The 2 

ferritin strata were selected based on the REDS-II Iron Status Evaluation study, which 

suggested that a ferritin level of 26 ng/mL or less closely correlated with iron-deficient 
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erythropoiesis.13 Participants with low- and higher-ferritin levels were randomized to receive 

supplements or no iron, comprising 4 nearly equal-sized groups, each with 4 age-sex 

subgroups, which were filled by a “first-entered-first-randomized” scheme. If the 

appropriate subgroup remained open, a centralized computer program randomized the 

participant to receive iron supplements or no iron. The delay in receiving ferritin results 

required initial overenrollment, resulting in 108 blood donors who were not randomized 

(because the appropriate subgroups were filled) and who were excused from further 

participation (Figure 1).

Study Outcomes and Analytical Approach

The primary objective was to determine the effect of iron supplementation on hemoglobin 

recovery time among iron-depleted participants. The sampling and testing scheme allowed 

detection of the nadir in venous hemoglobin 3 to 8 days after whole blood donation, ie, 

sufficient time to account for postdonation plasma volume equilibration. Hemoglobin 

recovery was tracked at scheduled visits through 24 weeks (168 days). The primary outcome 

was hemoglobin recovery, defined as the time for restoration of 80% of the hemoglobin lost 

at donation, rather than 100% hemoglobin, because hemoglobin recovery occurs at a rate 

that decelerates as equilibrium is approached, resulting in a plot of hemoglobin vs time that 

rises and then flattens (eFigure 1 in Supplement 2). Estimates of time to a point of the 

flattened part of the curve are less reliable than estimates of time to a point at which the 

curve is rising more steeply. Additional rationale for selection of 80% recovery as an end 

point can be found in the eMethods in Supplement 2.

Mean time to 80% recovery was estimated by fitting a nonlinear regression of hemoglobin 

level vs time since donation to the visit-specific means in each group as described in 

“Statistical Methods.” Bootstrap confidence limits were calculated for each estimate of mean 

recovery time. The bootstrap method used an automated repeated sampling of the underlying 

population with replacement to generate multiple mean hemoglobin recovery curves and 

associated recovery times for each analysis group (by baseline ferritin and iron 

supplementation) or analysis subgroup (sex, ferritin quartiles). Both 95% confidence limits 

and interquartile ranges (IQRs) were derived from the distribution of 1000 replicates.

Secondary outcomes reflected 3 aspects of hemoglobin recovery time. First, how 

hemoglobin recovery time varied with pre-donation iron status was determined among 

donors who did not receive supplements. Hemoglobin recovery times and confidence 

intervals for iron-depleted participants not taking iron were developed as for the primary 

outcome and compared with hemoglobin recovery times for iron-replete participants not 

taking iron. Comparison of the confidence intervals allowed determination of the effect of 

pre-donation iron status on hemoglobin recovery times.

Second, the effect of iron supplementation on hemoglobin recovery time was determined 

among donors with higher ferritin levels. Hemoglobin recovery times and confidence limits 

were developed for the iron-replete participants who took iron and compared with the 

recovery times and confidence limits among iron-replete participants who did not take iron.
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Third, how hemoglobin recovery time and the effects of iron supplementation varied with 

sex and age were determined, after correcting for iron status. In a similar manner, 

hemoglobin recovery times were derived for male and female donors and separately for 

older and younger participants, each subgroup being analyzed for hemoglobin recovery 

times. (Data on associations with age are not presented in this article.)

Simultaneous with hemoglobin decline and recovery, ferritin changes were tracked as a 

measure of recovery of iron stores. Ferritin recovery was determined in 2 ways: by 

determining the proportion of donors whose 168-day ferritin level was greater than or equal 

to baseline and by assessing the median time for a donor’s ferritin level to equal or exceed 

their baseline ferritin value. We also determined the time for ferritin to recover to 26 ng/mL 

or greater (ie, reach iron-replete status) in the iron-depleted donors who received iron.

The hemoglobin recovery time was also analyzed in the iron and no-iron groups by dividing 

the participants into subgroups by quartiles of enrollment ferritin. In addition, the time to 

recover a venous hemoglobin of 12.5 g/dL was determined for men and women separately, 

and the effect of iron supplementation was determined by comparing the proportion of male 

and female participants who achieved a venous hemoglobin of 12.5 g/dL at 56 days and 

whether they took iron supplements.

Sample Size

Sample size calculations were based on the comparison of hemoglobin recovery times 

among iron-depleted participants randomized to receive iron supplementation or no 

supplementation. Hemoglobin recovery time among iron-depleted participants taking iron 

supplementation was assumed to be similar to the 5-week recovery time previously shown in 

iron-replete donors.14 However, this time was extended to 7 weeks to allow for some lack of 

adherence with treatment. We considered iron supplementation in iron-depleted donors to be 

of clinical interest if the lack of iron supplementation doubled the mean hemoglobin 

recovery time, ie, from 7 to 14 weeks. Sample size calculations then indicated that a study 

with 100 participants, with 50 per treatment group, and a type I error rate of .05 would 

provide greater than 0.90 power to detect the difference between mean recovery times of 7 

and 14 weeks. The prescribed sample size was then increased to 200 participants to provide 

for an equal number of iron-replete participants.

Statistical Methods

Baseline characteristics of participants receiving iron or not were compared using t tests for 

continuous variables, such as hemoglobin and log(ferritin), and Fisher exact tests for binary 

variables, such as sex and age subgroup. Separate comparisons were performed for low-

ferritin and higher-ferritin participants. Changes in mean hemoglobin and mean ferritin over 

168 days were compared among groups using repeated measures models. Time for 

restoration of 80% of the hemoglobin lost at donation was estimated by fitting a model of 

mean hemoglobin, ht, vs time since donation, t, to the 7 visit-specific means: ht = θ1 − 

θ2e−θ3t
, where e is the base of natural logarithms and θ1, θ2, and θ3 are model parameters. 

Hemoglobin at recovery was hrec = h3 + 0.8(h0 − h3) where h0 is the average pre-donation 

hemoglobin and h3 is hemoglobin 3 days after donation calculated from the regression 
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model. We used hemoglobin on day 3 to allow for postdonation volume equilibration. The 

estimates of mean recovery time presented here are the times at which the recovery curve 

reached hrec in various groups or subgroups of participants. Recovery times that exceeded 

maximum follow-up were censored at 168 days (24 weeks). Recovery time was also 

censored at 168 days if the curve of hemoglobin vs time since donation reached equilibrium 

at a level below 80% hemoglobin recovery; ie, if hrec > θ1. Approximate 95% confidence 

limits were estimated by bootstrapping with censoring at 168 days. Further methodological 

details are provided in Supplement 2.

Time to recovery of ferritin to baseline values among iron-replete and iron-depleted 

participants, or to 26 ng/mL or greater among iron-depleted participants, was estimated by 

linear interpolation between the last visit with ferritin below that level and the first visit with 

ferritin above that level. Medians and IQRs were calculated from the recovery times for 

individual participants. Nonparametric tests were used to compare recovery times among 

groups or subgroups. The analysis presented here was limited to participants with 

hemoglobin or ferritin data at 6 or more follow-up visits. An analysis of all participants 

using multiple imputation for missing values produced nearly identical results. Logistic 

regression was used to model the probability of recovery to venous hemoglobin of 12.5 g/dL 

or greater by 56 days as a function of treatment, adjusting for sex and baseline ferritin level. 

Ferritin was transformed to base 10 logarithms to eliminate a positive correlation between 

the variability of ferritin and mean ferritin. Two-sided statistical tests with a critical P value 

of .05 were used throughout the analysis. Data analysis was performed with SAS/STAT 

software (version 9.3 of the SAS System for Windows).

Results

There were 334 participants enrolled and screened for ferritin. Based on the stratified 

randomization scheme, 215 were randomized and followed up; 111 were randomized to 

receive ferrous gluconate (51 in the low-ferritin group and 60 in the higher-ferritin group), 

and 104 randomized to receive no supplemental iron (50 in the low-ferritin group, 54 in the 

higher-ferritin group) (Figure 1). The remaining 119 enrolled participants who were not 

randomized were not followed up. Among the 215 randomized participants, 136 (63%) were 

female and 52 (24%) were 60 years or older. Baseline characteristics according to iron 

assignment were comparable in both the low- and higher-ferritin groups, except for a 

slightly lower hemoglobin level in low-ferritin participants randomized to receive iron 

(Table 1). The hemoglobin levels of the low-ferritin groups were significantly lower, 0.6 to 

0.9 g/dL, than the higher-ferritin groups. The sTfR, known as a measure of iron-deficient 

erythropoiesis,15 was higher in the low-ferritin groups than the higher-ferritin groups. Mean 

ferritin at entry for women (15.3 ng/mL) and men (14.7 ng/mL) in the low-ferritin groups 

was similar. In the higher-iron groups, mean ferritin was 52.2 ng/mL for women and 63.5 

ng/mL for men.

Adherence with oral iron supplements was 92.5%, and all retained participants verified they 

had no additional supplemental iron intake. Gastrointestinal AEs were reported by 3 

participants receiving iron, who were advised, based on severity, either to discontinue iron 

(and leave the study) or to take the tablets every other day as tolerated. The dropout rate 
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among the iron recipients, 10/111 (9%), was higher than among the recipients not receiving 

iron, 1/104 (1%). Symptoms directly attributable to iron (constipation and abdominal 

discomfort) that resulted in removal from the study were reported by only 2 participants.

Of the 215 randomized participants, hemoglobin was measured at 6 or more visits for 193 

participants (96 iron, 97 no iron) and ferritin for 202 (Figure 1). Mean baseline hemoglobin 

in the 22 excluded participants differed from the mean in participants with 6 or more values 

by 0.08 g/dL. This difference is very small compared with the mean differences observed in 

this study between those who took and did not take iron.

The mean baseline hemoglobin levels were comparable in the iron and no-iron groups and 

declined from a mean (SD) of 13.4 (1.1) g/dL to 12.0 (1.2) g/dL after donation in the low-

ferritin group and from 14.2 (1.1) g/dL to 12.9 (1.2) g/dL in the higher-ferritin group. Figure 

2A shows the mean hemoglobin levels by visit for each of the 4 groups stratified by 

treatment and baseline ferritin. Immediate postdonation hemoglobin and the absolute 

postdonation decrease in hemoglobin were comparable, except for a significantly greater 

decrease in postdonation hemoglobin in women compared with men, related to hemoglobin 

level and blood volume differences (eTable in Supplement 2). Compared with the groups 

who did not receive supplements, participants in the low-ferritin group who received iron 

experienced more rapid hemoglobin recovery (mean, 32 days; IQR, 30–34, vs 158 days; 

IQR, 126->168) as did the higher-ferritin group who took iron (31 days; IQR, 29–33, vs 78 

days; IQR, 66–95). Model estimates of hemoglobin recovery for the groups not receiving 

iron were highly variable with no statistically significant difference found between the 

higher-ferritin group and the low-ferritin group. In contrast, participants randomized to 

receive iron recovered their hemoglobin more quickly, with considerably less variability in 

their recovery model estimates and with no discernible difference between higher-ferritin 

and low-ferritin groups. Whole blood donation removed an average of 10% of baseline 

hemoglobin (Figure 2B). Among participants receiving iron, hemoglobin levels increased to 

106% of baseline (95% CI, 104.3%–107.7%) in the low-ferritin group, plateauing after 

about 120 days of iron intake. In contrast, the hemoglobin in the 2 groups not taking 

supplements did not fully recover to baseline at 168 days.

No significant differences between men and women were found in hemoglobin recovery or 

in the effect of iron supplementation, independent of baseline ferritin (Table 2).

In an exploratory analysis, we found the proportion with venous hemoglobin greater than 

12.5 g/dL by 56 days was higher among 95 participants taking iron than among 96 

participants not taking iron (0.92 vs 0.73; P < .001 from logistic regression) (eFigure 2 in 

Supplement 2).

Figure 3 depicts the recovery of ferritin in the 4 groups. As for hemoglobin recovery, ferritin 

took less time to recover for participants receiving iron. Median time to recovery for all 

participants taking iron was 76 days (IQR, 20–126); for participants not taking iron, median 

recovery time was longer than 168 days (IQR, 147->168 days; P < .001), and 67% of the 

participants not taking iron did not reach their baseline ferritin levels by 168 days. Median 

time to recovery to baseline ferritin levels in the low-ferritin group taking iron was 21 days 
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(IQR, 12–84), and time to recovery to levels of 26 ng/mL or greater was 120 days (IQR, 64-

>168). For participants not taking iron, recovery to baseline was longer than 168 days (IQR, 

128->168) and recovery to ferritin levels of 26 ng/mL or greater was longer than 168 days 

(IQR, >168->168). Median time to recovery to baseline in the higher-ferritin group taking 

iron was 107 days (IQR, 75–141), and for participants not taking iron, recovery to baseline 

was longer than 168 days (IQR, 168->168). The rate of recovery of ferritin increased after 

hemoglobin recovery occurred (Figure 3). This effect was noted in all groups except the low-

ferritin, no-supplement group and was most pronounced in the iron-replete, no-supplement 

group.

We also examined hemoglobin recovery by pre-donation ferritin quartiles (Figure 4). In 

participants who did not take supplements, hemoglobin recovery was significantly faster in 

the highest-quartile ferritin subgroup (51–192 ng/mL) compared with the lowest ferritin 

subgroup (4–15 ng/mL). (All other subgroup comparisons in no-supplement participants 

were not significant.) Hemoglobin recovery was uniformly rapid in all participants taking 

supplements, with recovery for the lower 3 quartiles of ferritin (4–50 ng/mL) significantly 

faster than among comparable participants who did not take supplements. Only in the 

highest ferritin quartile (51–192 ng/mL) was there no significant difference in hemoglobin 

recovery time with iron supplementation.

Discussion

This trial of oral iron supplementation after blood donation found wide variation in the rate 

of hemoglobin recovery among participants who did not take supplements and recovery 

times well beyond the 56-day minimum donation interval among iron-depleted individuals. 

Uniformly increased hemoglobin recovery was found in participants with pre-donation 

ferritin levels less than 50 ng/mL who took 37.5 mg of elemental iron per day. The increase 

in hemoglobin to levels above baseline among iron-depleted participants receiving iron 

supplementation reflected a preexisting relative anemia, even though at least 120 days had 

elapsed since their previous donation. Participants who did not take iron supplements did not 

fully recover ferritin to pre-donation levels by 168 days. We also found that iron 

supplementation equally improved hemoglobin and iron recovery times among male and 

female participants, and in an exploratory analysis, we showed that participants were more 

likely to recover venous hemoglobin to 12.5 g/dL or higher at 56 days with supplemental 

iron.

Although the absolute amount of hemoglobin decrease was relatively small and of marginal 

clinical consequence after a single blood donation, donating blood is an iterative process that 

leads to progressive iron loss and anemia in some frequent blood donors, so it is important 

that the hemoglobin decrease after blood donation be recovered before the next blood 

donation. Our findings support studies showing that iron supplementation reduces the high 

rate of low-hemoglobin donor deferrals,11 currently 17.7% among all presenting women and 

1.6% among men based on capillary hemoglobin of less than 12.5 g/dL.16

This randomized, nonblinded multicenter study directly assessed the effect of iron 

supplementation on the recovery of hemoglobin and iron stores in repeat blood donors after 
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a single whole blood donation. Male and female donors with a wide range of iron status 

were successfully enrolled and followed up over the course of the 24-week study. Although 

our enrollment process did not reflect a random sampling of the donor population, it 

included donors representing the range of donation intensity that is most common in routine 

blood bank operations. Our study reinforces earlier investigations that documented declining 

ferritin levels in frequent blood donors in the absence of an iron supplementation regimen.17 

One iron supplementation trial conducted in frequent (4–6 times/year) blood donors showed 

that ferritin levels were maintained among donors taking 20 mg of elemental iron daily but 

declined among the placebo controls. However, it was only among donors taking 40 mg 

daily that ferritin levels increased, resulting in positive iron balance.18 Our choice of ferrous 

gluconate containing 37.5 mg of elemental iron appears to have been suitable in terms of 

both efficacy and a low frequency of gastrointestinal AEs.

The HEIRS suggests that recovery of hemoglobin takes considerably longer for many 

donors than reported in early studies that informed decisions to establish interdonation 

intervals at 8 weeks. Evidence supporting an 8-week standard was based on studies 

conducted in small numbers of young, iron-replete participants19 or on limited data on 

regular blood donors before reliable iron measurements were available.20 More recently, a 

novel study that quantified total hemoglobin mass using a carboxyhemoglobin method found 

that hemoglobin was replenished after donation in a mean (SD) of 36 (11) days, but it too 

was of limited generalizability because it was restricted to young men.14 The HEIRS 

enrolled participants with diverse demographic characteristics to report the effect of 

supplemental iron on the kinetics of hemoglobin and ferritin recovery to important 

physiologic and operational thresholds.

A limitation in this study is that our curve-fitting analytical method could not compute 

recovery time of hemoglobin in some participants, and thus we could not determine the 

individual variation in hemoglobin recovery times. However, we were able to use the mean 

of each group (n = 50–60) to obtain reliable hemoglobin recovery measurements and then 

use bootstrap methods to obtain confidence limits for the mean (Table 2). This method took 

advantage of all hemoglobin data points available, which tended to reduce variability due to 

a single measurement (eMethods in Supplement 2).21 Although we found that more 

participants who were iron-depleted recovered to hemoglobin levels of 12.5 g/dL by 56 days 

of taking iron, implementing a supplement plan may not result in reduced hemoglobin 

deferrals because capillary hemoglobin measurements, which are used in the blood center 

setting, tend to be higher than venous hemoglobin measurements.22 Finally, it is also 

possible that the motivation to participate in a research setting or participant reimbursement 

may have affected adherence with the pill regimen. The willingness of blood donors to take 

a daily iron tablet on a regular basis might be reduced in routine practice, as suggested by 

the 9% dropout rate among the participants receiving iron compared with 1% among the 

donors not receiving iron.

An important policy consideration raised by our findings concerns the 8-week minimum 

required interdonation interval in the United States and Canada, which is shorter than that 

allowed in many countries.23 As noted earlier, when this standard was instituted, the 

expectation was that most donors would recover the hemoglobin lost from blood donation 
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within this time period. The data presented here demonstrate that hemoglobin recovery 

differs by pre-donation ferritin level, and even in iron-replete donors, the mean recovery was 

only 70% at 8 weeks. Iron loss from blood donation is substantial (≈230 mg iron in a unit of 

packed red blood cells), and absorption of dietary iron is a limiting factor for new 

hemoglobin synthesis and subsequently replenishment of iron stores. Although longer 

minimum intervals would by definition allow for more thorough recovery between 

donations, simulations of the effect of prolonging the minimum donation interval for blood 

donation to 12 or 16 weeks suggest that the blood supply in the United States might be 

significantly compromised.24 Further, based on the results presented here, an increase in the 

interdonation interval would still not provide adequate time for hemoglobin and iron 

recovery in many donors who do not take supplements.

Conclusions

Among blood donors with normal hemoglobin levels, low-dose iron supplementation, 

compared with no supplementation, reduced time to 80% recovery of the postdonation 

decrease in hemoglobin concentration in donors with low ferritin (≤26 ng/mL) or higher 

ferritin (>26 ng/mL).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Hemoglobin and Iron Recovery Study (HEIRS) Flow Diagram
aAll participants had data from ≥6 follow-up visits; 3 individuals had 6 visits, and 93 had 7 

visits.
bAll participants had data from ≥6 follow-up visits; 5 individuals had 6 visits, and 92 had 7 

visits.
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Figure 2. Time to Hemoglobin Recovery According to Treatment and Baseline Ferritin Level
A, Mean hemoglobin for each group vs time since donation. Time “0” is the day of 

donation. B, Hemoglobin expressed as a percentage of initial hemoglobin value. 

Hemoglobin recovery was significantly higher than baseline in the low-ferritin group (≤26 

ng/mL) who took iron (mean, 106.0%; 95% CI, 104.3%–107.7%; P < .001) and significantly 

lower than baseline in the higher-ferritin group (>26 ng/mL) who took no iron (mean, 

98.1%; 95% CI, 96.6%–99.6%; P = .02). Dotted line indicates 100% of initial hemoglobin 

value; error bars, 95% confidence intervals.
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Figure 3. Mean Ferritin Level for Each Group vs Time Since Donation
After a donor gives 500 mL of whole blood, ferritin decreases by approximately 30 ng/mL 

over a 30-day period, as depicted in the no-iron, iron-replete group (open triangles). Each 

ng/mL of ferritin equates to 8 to 10 mg of storage iron; thus, 30 × 8 mg = 240 mg, 

approximately the amount of iron contained in each unit of blood. Reconstitution of storage 

iron was not observed until after recovery of hemoglobin, as indicated in the upward change 

in slope of the ferritin recovery curve in the no-iron, higher-ferritin group, at approximately 

day 84. Dotted line indicates 26 ng/mL, the value used to stratify iron-deficient and iron-

replete donors at enrollment; error bars, 95% confidence intervals.
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Figure 4. Mean Time to 80% Hemoglobin Recovery by Quartile of Ferritin and Treatment 
Assignment
The confidence intervals are censored at the end of follow-up at 168 days. No mean is 

shown for the lowest ferritin quartile for participants not taking iron because the mean was 

longer than 168 days.

Kiss et al. Page 16

JAMA. Author manuscript; available in PMC 2016 November 03.

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

Kiss et al. Page 17

Table 1

Baseline Characteristics of Study Participants by Ferritin Level

Low Ferritin (≤26 ng/mL) Higher Ferritin (>26 ng/mL)

Iron (n = 51) No Iron (n = 50) Iron (n = 60) No Iron (n = 54)

Women, No. (%)    33 (64.7)    31 (62.0)    38 (63.3)    34 (63.0)

Age ≥60 y, No. (%)    12 (23.5)    11 (22.0)    17 (28.3)    12 (22.2)

Age, mean (SD), y 47.5 (15.5) 45.9 (15.7) 49.3 (14.6) 48.1 (14.6)

Weight, mean (SD), kg 75.9 (16.4) 76.8 (15.8) 81.5 (16.4) 77.9 (16.2)

Hemoglobin, mean (SD), g/dL 13.2 (1.0) 13.7 (1.3) 14.1 (1.0) 14.3 (1.2)

Ferritin, mean (SD), ng/mL 14.9 (5.8) 15.2 (6.0) 54.0 (24.3) 58.9 (32.9)

sTfR, mean (SD), mg/L   4.0 (1.33)   3.9 (1.19)   3.1 (0.65)   3.1 (0.62)

Estimated blood volume, mean (SD), L 4.59 (0.8) 4.66 (0.91) 4.79 (0.84) 4.64 (0.84)

Abbreviation: sTfR, soluble transferrin receptor.
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Table 2

Hemoglobin Recovery to Pre-donation Level by Sex, Treatment, and Baseline Ferritin Level

Ferritin Group (ng/mL) No. of Participants Time to 80% Hemoglobin Recovery, Mean (IQR), da (95% CI)b

Women

 Iron Low (≤26) 30 36 (33–39) (29–46)

 Iron Higher (>26) 29 32 (29–34) (25–41)

 No iron Low (≤26) 30 153 (126–>168) (94–>168)

 No iron Higher (>26) 29 92 (76–130) (55–>168)

Men

 Iron Low (≤26) 17 25 (23–28) (18–35)

 Iron Higher (>26) 20 30 (27–35) (22–49)

 No iron Low (≤26) 18 >168 (102–>168) (50–>168)

 No iron Higher (>26) 20 68 (50–95) (34–>168)

Abbreviation: IQR, interquartile range.

a
Interquartile range of bootstrap estimates.

b
95% CI of bootstrap estimates.
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