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Abstract

Background/Objectives: Blood donors attending a donation session may be deferred from donating
blood due to a failure to meet low hemoglobin (Hb) thresholds. This costs the blood donor service,
and donors, valuable time and resources. In addition, donors who are deferred may have more
symptoms and as a direct and/or indirect effect of their experience return rates of donors deferred
for low Hb are reduced, even in repeat donors. It is therefore vital that low Hb deferral (LHD) is
minimized. The aim of this updated systematic review is to expand the evidence base for factors

which affect a donor’s risk of deferral due to low Hb.

Materials/Methods: Studies were identified by searching MEDLINE, Embase, The Cochrane Library
and the WHO International Clinical Trials Registry to March 2019. Demographic data, donor history,
hematological/biological factors and the primary outcome of deferral due to low Hb were extracted.
Our primary outcome was deferral due to low Hb. Analyses were descriptive and quantitative;
pooled odds ratios (ORs) and 95% confidence intervals (Cls) were obtained by meta-analysis using

random effects models.

Results: A total of 116 studies met the inclusion criteria. Meta-analysis showed a significantly greater
risk of LHD in females compared with males in studies applying universal Hb thresholds for males
and females (OR 14.62 95%Cl 12.43-17.19) and in those which used sex-specific thresholds (OR 5.73,
95%Cl 4.36-7.53). Higher rates of LHD were also associated with increasing age in men, low body
weight, shorter inter-donation interval, donors of Hispanic or African descent, higher ambient
temperature, donors with low ferritin levels and donation in a fixed donor center. There was

conflicting evidence on the effect of new and repeat donor status, and blood group.

Conclusion: This work has strengthened the evidence of the previous review in identifying factors
that should be considered in studies of donor deferral and highlighting areas in need of further
study, including ABO and Rh blood groups, previous platelet donation, diet, smoking, time of day,
and genetic data. These factors may lead to individually tailored donation criteria for safe and

efficient donation in the future.
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Introduction

Faced with dwindling numbers of new donors, blood services globally need to be able to better
understand how to retain donors. One of the main reasons why donors will stop donating blood is
because they received a temporary deferral for low hemoglobin (Hb) [1]. While it is widely
understood that women are more at risk of being deferred for low Hb than men, there is limited
data on the contribution to a donor’s risk of low Hb deferral from other demographics, or physical

and environmental factors.

A previous systematic review from 2013, which included 55 studies, identified a variety of risk
factors that were associated with a higher risk of low Hb deferral (LHD) in blood donors [2]. These
included female gender, the season of donation (spring and summer), older male donors, non-white
ethnicity, and new donors [2]. Other potential factors identified from individual studies were difficult

to evaluate due to the small number of studies reporting each factor.

The objective of this review is to identify new research findings since the previous review was
published and re-assess the impact of the factors described in the previous review. This review also
now includes a formal quality assessment of all individual studies. The information obtained in this
review expands the evidence base of factors that influence LHD in blood donors, and helps to select

criteria that should be considered in trials of donor management.

Materials and Methods

The protocol for this review was prospectively registered on PROSPERO (CRD42017071105). The
review was carried out in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [3]. Full details of the search strategy, eligibility, data extraction
and quality assessment are provided in Supplementary Information. Briefly, searches were carried
out to March 2019 and identification of eligible studies is shown in Figure 1. Screening for eligibility
and data extraction was performed independently in duplicate by two reviewers, one from Oxford

and one from Cambridge.

Extracted data included characteristics of study participants (sex, age, ethnicity, weight, number of
donations during study, season of donation, type of donor etc.), Hb thresholds for deferral from
donation, outcome data (number of donors deferred and/or number of donation attempts resulting
in LHD) and any other reported factors which may affect donation. Quality assessment methods
were adapted from the RTI Item Bank for assessing risk of bias and confounding in observational

studies [4] and are included in Appendix B.



The primary outcome was deferral due to low Hb, and both qualitative and quantitative analyses
were performed. Random effects meta-analyses were used to account for the expected clinical and
statistical heterogeneity between studies and provide average risk estimates based on unadjusted
data which should be interpreted with caution. Summary measures were presented as unadjusted
odds ratios (ORs) with 95% confidence intervals (Cls). Heterogeneity was assessed using the 12

statistic [5]. Statistical analysis was carried out in R v3.4.2 (http://www.r-project.org/) and Review

Manager 5.3 [6].

Results

Study selection

The PRISMA study flow diagram is shown in Figure 1. After de-duplication by an information
specialist (CD), 2518 records were initially screened independently by two reviewers. Of these, 102
eligible records contributed to 76 independent studies. Thus, together with 40 studies from the

previous review, 116 studies were included in this update.
Description of Included Studies

A summary of the characteristics of studies can be found in Supplementary Table 1. Of the 116
included studies, the majority of studies (n=80) included single unit red blood cell (RBC)/whole blood
donations only. Other donation types included platelets, double red cell and multicomponent

donations (Table 1). The studies were carried out in 35 countries across six continents.

Hb deferral thresholds were reported in 85 studies, and four studies used hematocrit (HCT) levels. A
universal threshold of 125 g/L was used in 31 studies, while sex-specific thresholds were used in the
remaining studies, where reported. The threshold for men was between 120 and 135 g/L, and for
women between 110 and 125 g/L. A variety of screening methods for Hb levels were used, including
gravimetric using a drop of blood and a copper sulphate solution, venous and capillary
spectrophotometric estimation of hemoglobin (Hemocue), and automated analyzer (for example

Sysmex analyzers.
Quality Assessment

A summary of risk of bias and confounding components is shown in Supplementary Figure 1. The
risk of selection bias was low in the majority of included studies. A moderate risk of attrition bias
was observed due to some studies failing to report the number of successful donations or deferrals

due to other reasons. Few studies adequately reported baseline characteristics of donors. The risk of


http://www.r-project.org/

attrition bias was lower in new studies, as was the risk of confounding, however few studies

performed multivariate analyses and as such the risk of confounding is relatively high.
Supplementary Figure 1

Factors Associated with Low Hemoglobin Deferral (LHD)

Sex

Sex specific LHD rates were reported by 64 studies, and the male to female ratio varied widely, with
the percentage of female participants ranging from 1.7 [7] to 100 [8]. Studies from India had
significantly fewer female participants (3.96 - 20.2%), whereas studies performed in Europe and the
USA generally had more equal proportions of male and female participants. LHD rates were higher in
females in all studies. Studies which used universal Hb thresholds for both male and female donors
showed a 14-fold increased risk of LHD for females (OR 14.62, 95%Cl 12.43-17.19). An increased risk
of LHD in females remained for those studies which applied lower Hb thresholds for female donors
(OR 5.73, 95%Cl 4.36-7.53) (Figure 2). High heterogeneity between studies was observed in both
analyses (1>>95%).

Studies that reported male and female deferral numbers separately were stratified by geographical
location of study, and results of these meta-analyses are presented in Supplementary Figure 2.
Notably, differences between studies performed in different geographical settings were observed
even when similar Hb thresholds were applied. For example, the increased risk of LHD in females
compared with males was significantly higher in studies from Africa (OR 5.24, 95%Cl 4.07-6.74) than
in European studies (OR 2.85, 95%Cl 2.21-3.68) despite both sets of studies using predominantly sex-
specific Hb thresholds (where reported). The greatest difference in the risk of LHD between men and

women was observed in India (OR 19.11, 95%Cl 13.95-26.16).
Ethnicity

Nine studies reported LHD by ethnicity, although there was a lack of consistency in the groups
studied [9-16]. In four studies, [9-11, 13] the non-white ethnicities reported were Asian, Black,
Hispanic and not stated, whereas in one study [12] donors were categorized as White, Asian,
African, unknown and “coloured” and in another study [16], donors were defined as African-
American, Hispanic, White and “other”. Another study [15] reported deferral rates for Black, Asian,
Mixed, Native America, and Native Hawaiian. One study only compared white donors with non-

white donors. Five studies reported Hb deferrals by ethnicity separately for male and female donors.



For male donors, four out of five studies observed a significantly higher risk of LHD in African-
American/Black donors compared with White donors, with meta-analysis showing an approximate
two-fold increased risk (OR 1.94, 95%Cl 1.14-3.31) associated with African-American/Black ethnicity.
In female donors, the risk of LHD associated with African-American/Black ethnicity was higher and
found in all five studies (OR 2.82, 95%Cl 1.71-4.65) (Figure 3A). In the comparison of Asian and White
male donors, the combined risk across four studies was not significant (OR 1.17, 95%Cl 0.77-1.78).
However, a significantly higher risk of LHD was found in female Asian donors compared with White
donors, with an overall 63% increased risk associated with Asian ethnicity (OR 1.63, 95%CI 1.31-2.03)
(Figure 3B). A similar increased risk of LHD was found in female Hispanic donors compared with
female White donors (OR 1.43, 95%Cl 1.22-1.68). However, in male donors, there was no evidence
that Hispanic ethnicity was associated with an increased risk of LHD (OR 0.74, 95%Cl 0.53-1.03)
(Figure 3C). However, it should be noted that the degree of heterogeneity across studies was high

(1>>88% in all comparisons) and these ORs represent an average increased risk across studies.
Age

LHD by age (years) was reported in 19 new studies [9, 10, 12, 15, 17-31]. In 14 studies which
reported results separate for men and women, the general trend across studies for men was for LHD
rates to increase with age (Figure 4), whereas for women there were fewer deferrals among women
over 50 compared to women younger than 50. Some reported that the youngest groups of women
had the highest deferral rates [9, 12] while others saw a higher deferral rate for women aged 30-50

[18, 25, 26].

One study from Africa [24] reported deferral rates by age for men and women separately but these
were universally very high, with the lowest rate of LHD in any one age group being 27% (in men in
their 30s) and the highest 71.4% (in women under 20). Two European studies found that male
donors who were deferred for low Hb had a higher mean age (years) than those not deferred, (47 vs
43) [19] (50 vs 46) [20]. In contrast, both studies reported a lower mean age in female deferred
donors (38 vs 41) [19], (39 vs 43) [20]. A study from the Netherlands [31] showed via a
multivariable logistic regression model an increased risk of LHD for older men and younger women.
A US study [10] compared different age groups to those aged 40-49 and found that older men were
more likely to be deferred (50-59: OR 1.56; 60+: OR 2.96), and younger men less likely (<30: OR 0.57;
30-39: OR 0.74), with an inverse trend for women (<30: OR 1.09; 30-39: OR 1.00; 50-59: OR 0.73;
60+: OR 0.72). Finally, an Indian study [23] reported that more younger than older donors of both

sexes were deferred.



SSeven studies reported the relationship between seasonal or temperature changes and LHD [19,
20, 24, 31-34]. Three of these, two European [19, 20] and one African study [24], reported deferral
numbers by season. Meta-analyses of the three studies showed no significant difference in LHD rates
between spring and summer months. One other European study noted a significant increase in the
LHD rate of donors from 2% in January to 3.5% in July [32]. In addition, a US study [33] reported a
deferral rate of approximately 8% when the temperature was above 12 degrees celcius, compared
with 6% in winter. A Dutch study [31] performed logistic regression and found that higher LHD was
associated with spring and summer compared with autumn and winter, which was more

pronounced in men.

In studies that reported deferral numbers separately by sex [19, 20, 24], meta-analysis of each
season versus winter showed no significant effects of season in male donors (Figure 5). In female
donors, evidence from three studies showed a significantly higher risk of LHD in summer donations
compared with winter (OR 1.18, 95%Cl 1.07-1.30) (Figure 5), but no differences associated with

either spring or autumn donations.

An additional study from the USA [34] reported percentages of low Hb deferrals for men and women
between 2002 and 2004. It found an overall increase in LHD in other seasons compared with winter,
which was most pronounced in summer. Looking at sex and age specific deferral rates, older women
had a higher increase in deferrals by season compared to younger women, as did older men at a

lower magnitude.

Weight

Four studies [9, 10, 13, 35] reported ORs for LHD by weight and sex. One US study [10] found that,
compared to people who weighed between 150 and 174lbs, lighter men (OR 1.38) and women (OR
1.13) were deferred at a higher frequency, as were the heaviest women (over 200Ibs weight, OR
1.04), although no Cls were reported. Men who were between 175 and 1991bs (OR 0.79) and above
200lbs (OR 0.72) were less likely to be deferred, as were women between 175 and 199Ibs (OR 0.98),
although the statistical significance of these ORs were not reported. One US study [9] used the same
weight categories as the previous study, and showed a marginally significant increase in LHD for the
heaviest women (>200Ibs) (OR 1.5, 95%Cl 1.0 -2.2). In a US study [13], the heaviest age group
(>200Ibs) was used as the reference group, and logistic regression showed significantly higher
deferral rates for both sexes for donors in all lighter weight categories with the exception of female
donors who weighed between 150 and 174lbs, who had a marginally lower deferral rate (OR 0.95,
95%Cl 0.93-0.97), and females between 175-1991bs (OR 0.92, 95% 0.89-0.94). A Dutch study [35]

used age-adjusted ORs and found that, compared to those in the lightest weight category (<60kg),



deferral risk decreased with increasing weight, with the lowest risk for male donors over 100kg (OR

0.22, 95%Cl 0.18-0.27).
Donation Characteristics

Donation history was reported using a number of different methods including donation intensity,
inter-donation interval and repeat versus new donors (Table 1). Evaluation of the association of
donation characteristics with low Hb deferral is difficult as there is an effect of selection and also an

opposite effect of lowering of iron stores with repeated donation.

Twelve studies reported deferral by donation intensity, either the number of previous donations the
donor had made in the past two years expressed as a categorical [9, 10, 13, 21, 36] or continuous

[19, 20, 31, 37] variable, or the time since the donor’s previous donation [19-21, 38-40].

Two European studies found that the number of previous donations lessened LHD risk in both men
and women, with a greater association in men [19, 20]. However, the third concluded that for men,
LHD deferral increased as the number of donations increased. One US study [9] found no effect of
donation history, while the other [10] reported ORs below 1 for donors who had seven or more
donations in the past two years. A Brazilian study [18] found that, for women in particular, the
proportion of donation attempts that became low HCT deferrals increased to above 0.3 for those
with seven donations in the past, compared with a proportion of around 0.1 or less for those with
one or two previous donations. These results for women in particular contrast with the earlier US
studies, which found that women who donated more often were at a lower risk of deferral, and that
only men who had donated once or twice in the past year had a significantly reduced risk of deferral

[13, 21].

Eight studies reported an association between LHD and time since previous donation [9, 18-21, 38-
40]. Four European studies found that men had a reduced chance of LHD the longer they waited to
donate, however the results for women were inconsistent [19, 20, 38, 40]. A US study [21] reported
no significant association for donors who had returned to donate 24 weeks or less since their
previous donation compared with those who returned between 24 and 36 weeks, however those
who waited longer between donations were significantly less likely to be deferred. A South African
study [39] found no significant effect of donation interval. A Brazilian study [18] found that in male
donors aged >44y, the time since previous donation had little effect on LHDs, whilst younger male
donors saw a decrease in low HCT deferrals until around 10 months since their previous donation.

Results for female donors were similar, although the proportion of low HCT deferrals was higher for



all age groups than for men. A US study [9] found that donors who waited 13 weeks or less were

significantly more likely to be deferred for low Hb than those who waited 26 weeks or longer.

Two studies [41, 42] reported the effect of minimum inter-donation interval on LHDs. A US study
[41] found that, after increasing the minimum inter-donation interval from eight to twelve weeks,
the LHD rate was reduced from 12.5% to 10.2% (p<0.0001). A Canadian study [42] also found that

after raising its minimum donation interval from 56 to 84 days, deferral rates fell from 13% to 9.5%.

Fifteen studies [15, 21, 28-30, 39, 43-51] reported LHD for new and repeat donors. Meta-analysis of
13 studies which reported LHD rates found no difference in the risk of LHD between new and repeat
donors (OR 0.80, 95%Cl 0.58-1.10) (Figure 6). In addition, a study from Thailand [47] reported only
deferral percentages for repeat and new donors and found a higher percentage of LHDs for regular
donors than new donors, whereas a study from the Caribbean [49] observed the opposite effect. The
risk of LHD in new and repeat donors is likely to be confounded by the number and intensity of
donations in individual studies which may contribute to the high heterogeneity observed across

studies.Previous Hemoglobin Levels

Six studies reported the relationship between a donor’s previous Hb or HCT level and the likelihood
of LHD [18-21, 36, 52]. Two European studies [19, 20] applied logistic regression and showed a
reduced risk of LHD in donors who were not deferred at their previous visit. A third study [37] found
that men whose Hb increased between visits were less likely to be deferred than those whose Hb
levels had decreased. In another study from the Netherlands [52] there was a higher risk of LHD for
donors whose Hb levels were stable across visits, while donors class lll and IV (whose initial Hb levels
were higher but experienced a sharper decline) had a lower risk of deferral. In a US study [21],
donors who had previous Hb levels below the reference group of 2145 g/L had a higher risk of LHD,
while previously deferred donors (Hb <125 g/L) were more likely to be deferred due to low Hb.
Finally, a Brazilian study [18] compared initial HCT levels with those in the visit immediately before a
low HCT deferral over a maximum 11 years of study and found that women whose initial HCT was
<41 were three times more likely to be deferred than those who had initial HCT>43, and men with
low initial HCT were almost six times more likely to be deferred. There was a similar relationship

when examining the donor’s HCT level at their previous visit.
Iron Status Interventions

Four interventional studies [53-56] investigated whether interventions to improve a donor’s iron

status affected their likelihood to be deferred for low Hb.



One Indian study [53] gave deferred donors information on diet, and recommended oral iron
supplementation. Of the 68.8% of donors who returned to donate, 85% were successful. A Danish
study [54] directed iron supplementation to those that were considered to potentially benefit and

saw a significant decrease in the male LHD percentage from 0.92 to 0.55 (p=0.03).

A randomized trial from the USA of iron intervention strategies [55] found that the LHD rate in
donors who received oral iron (19mg or 38mg) was lower (2.7%) than in those who received placebo
(6.1%). Furthermore, the LHD rate in donors who received a ferritin status letter which either
recommended they continue donation (Ferritin>26ug/L) or took iron supplementation/delayed
donation (Ferriting26ug/L) was lower (4.1%) than in those who received a letter with no such

information/advice (9.8%).

Another randomized trial from Germany [56] comparing 50mg iron, 20mg food supplement or no
iron found a higher rate of LHD in those who did not take iron supplements compared to those who
did (OR 5.03, 95%Cl 1.52-16.69). A significant effect was found from the combined treatment groups
(OR 6.56, 95%Cl 2.32-18.53).

Donation Setting

Four studies [21, 57-59] compared donor deferral rates at fixed and mobile collection points. A study
from the UAE [58] reported LHD rates for fixed centers versus mobile sites of 25.3% and 14.4%
respectively. Meta-analysis of the remaining three studies showed a significant increase in the risk of

LHD for those who donated at fixed compared to mobile sites (OR 1.14, 95%Cl 1.03-1.27) (Figure 7).
Blood Group

LHD by blood group was analyzed in three studies [15, 24, 31]. An African study [24] found a
significant association between LHD and AB blood group (AB vs O: OR 4.12, 95%Cl 1.81-9.4) but not
A or B blood groups. A US study [15] reported ORs by blood group compared to O negative, both
before and after changes to the criteria for blood donation in the USA. In both time periods, there
was a significantly higher risk of deferral for those in blood group A+, while blood groups AB+ and B+
had a lower risk of deferral. Finally, a Dutch study [31] analyzed blood group O- compared to others,

and did not find a significant difference in deferral rates.
Other Factors

A number of other factors were only considered in single studies. Briefly, a higher risk of LHD was
reported as significantly associated with donors’ Hb non-consistent recovery time [52], replacement

(versus voluntary) donation [60], afternoon/evening (versus morning) donation [32] and specific



genetic polymorphisms [61]. Other factors which were investigated but not found to be significantly

associated with LHD included smoking [9], diet [48], and Rh positive blood group [24].



Discussion

This review has identified 116 studies which investigated the effect of various factors with deferral
of donors due to failure to meet minimum Hb thresholds. Random effects meta-analyses and
qualitative syntheses of results have shown that female sex, ethnicity, age, weight, seasonality,
donation intensity, iron interventions and historical Hb levels can all affect a donor’s risk of being

deferred for low Hb.

All blood donor deferrals have cost and healthcare implications and have a negative effect on donor
motivation to donate in the future. If blood collection services can reduce deferral rates, especially
those due to low Hb, they may maximize donor return and reduce costs. It is well known that clear
differences exist in the rates of deferral of donors due to low Hb between men and women, with
women significantly more likely to be deferred than men. Our meta-analysis confirms that clear
differences exist in deferral rates between male and female donors irrespective of whether
minimum Hb thresholds for donation are defined universally for male and female donors, or
whether sex-specific thresholds are used. Reasons for these differences in deferral rates between
males and females have been suggested to include both physiological and social causes.
Premenopausal female donors have lower iron stores resulting from the effects of menstruation and
pregnancy [62]. In contrast, men have increased testosterone levels which are associated with
higher Hb levels [63]. Males are also more likely to be cigarette smokers [64] and cigarette smoking
increases carboxyhemoglobin resulting in increased Hb levels [65]. The need for different Hb
donation thresholds for male and female donors therefore appears to be warranted. Indeed, the US
Food and Drug Administration recently changed the Hb threshold for donation from a universal
threshold of 125 g/L to sex-specific thresholds of 130 g/L for men and 125 g/L for women [66].
However, sex-specific Hb thresholds only provide a benchmark and cannot account for the many
other factors that affect the risk of LHD and which may differ in their associated risk between male
and female donors. The effect of other factors therefore can only reliably be evaluated by
stratification of donors by gender. However, the lack of consistent reporting within individual studies
prohibits accurate risk estimates and separate analyses for male and female donors are clearly
warranted in future studies, as is controlling for other risk factors (e.g. adjustment or stratification in

multivariable analyses).

The effect of the ethnicity of a prospective donor’s risk of deferral from donation due to low Hb has
been described previously [9-16]. Our results confirm that both male and female African-American
donors are at higher risk of LHD than White donors, although the differential risk of deferral appears

to be higher in female than male donors. Female donors of either Asian or Hispanic ethnicity are



also at higher risk of LHD than their White counterparts, although the evidence in male Asian or
Hispanic donors is inconclusive. The deferral rates for different populations show wide variation
(Supplementary Table 1). Although these absolute rates are not directly comparable due to the
different Hb thresholds applied and other differences in eligibility criteria, the LHD rates in female
donors compared to males in studies which use identical Hb thresholds show wide variation
according to the country of study, again suggesting that a donor’s ethnicity affects his/her ability to
meet minimum Hb thresholds for donation. Variation in Hb levels between Black and White
populations is well established [67]. Different minimum Hb thresholds for male and female donors

according to ethnic origin have been suggested [68].

Genetic factors may explain some of the variation between donors of different ethnic groups in their
susceptibility to LHD, although few studies have investigated the effect of genotypes on LHD.
Different Hb genotypes which occur at varying frequencies in different populations may be
associated with lower Hb levels, for example a-thalassemia traits that occur at high frequencies of
20% or more in some populations [69]. Polymorphisms in the HFE and TMPRSS6 genes have been
shown to be associated with lower Hb levels [61] and ethnic variation in the frequency of mutations
in both genes has been identified [70, 71]. Ethnic variation may also arise from nutritional
differences. For example, a vegetarian diet has been suggested to occur more often in the Indian
population [72] with particularly high frequencies in certain religious groups. The European
Vegetarian Union have reported vastly different proportions of vegetarians in different countries
[73]. The effect of blood group on LHD is inconclusive with conflicting results obtained from three
trials. However, analysis of low Hb deferral by blood group is confounded by different frequency of
donation as many blood services recall donors with RH negative groups and O and A ABO groups

more often than RH positive and A and AB ABO blood group donors.

There is considerable evidence that increasing age is associated with a higher risk of LHD deferrals in
males. Some explanation can be gained from the decreasing testosterone levels and thus reduced
Hb levels with age [63, 74, 75]. The effect of age of LHD in women is less clear, with some studies
reporting high LHD rates in younger women whilst others found an association between LHD and
age. This is likely explained by the combined effects of menstruation and pregnancy in younger
women alongside menopausal effects in older women. A large population-based US study found a
pronounced increase in the prevalence of anemia with increasing age and suggested that key causes

for this were likely to be nutritional deficiencies and chronic disease [74].

The increased risk of LHD observed in warmer months observed in several studies may be attributed

to transient hemodilution as blood flow to the skin increases as an element of the heat balance



mechanism [76]. Other indirect factors influencing Hb level have been proposed, including nutrition,
physical activity and viral infections [35]. It may be that a change in minimum Hb thresholds for
donation according to ambient temperature could be possible, but a detailed understanding of the
degree of change in Hb associated with different seasons/temperatures and the relationship

between these changes and iron stores would be required before this can be considered further.

A lower risk of LHD has also been observed with increasing body weight [9, 10, 13, 35]. It has been
suggested that heavier individuals might be expected to have a greater absolute blood volume and
so would donate proportionally less of their total iron stores than a lighter person, with a lesser
impact of loss of iron through donation [13]. However, the effect of weight on LHD is likely to be
confounded by gender and age as well as lower iron stores as BMI increases [77] which may explain

some inconsistency in the findings of individual studies.

Donation characteristics associated with LHD include previous donation [15, 21, 28-30, 39, 43-51],
frequency of donations [9, 18-21, 38, 40-42], and previous deferral due to low Hb [19, 20] although
results are conflicting and apparent differences exist between male and female donors. Evaluation of
the association of donation characteristics with low Hb deferral is difficult as there is an effect of
selection and an opposite effect of lowering of iron stores with repeated donation. Shorter inter-
donation intervals have been associated with higher frequency of iron deficiency, lower Hb, and
higher rates of deferral [10, 78, 79]. As males have typically two to four times greater iron stores
than females [62], it would be expected that males are better suited to high intensity donation than
women. The historical 8-week inter-donation interval used in the USA has recently been brought
into question. An AABB Association Bulletin recommended that consideration should be given to
increasing inter-donation intervals in some circumstances, in particular for young and/or female
donors, in order to reduce iron deficiency in blood donors [80], although no formal change has been
implemented [66]. A recent large trial of donors in the UK randomized to 8, 10, or 12 week (men) or
12, 14, or 16 week (women) inter-donation intervals over two years found that although shorter
inter-donation intervals increased the risk of LHD, shorter inter-donation intervals were associated
with a higher mean number of successful donations in both men and women over the trial duration

[77].

Oral iron supplementation has been shown to reduce the risk of LHD, elevating Hb and iron stores in
blood donors [81]. However, the prospect of implementing iron supplementation in blood donors is
a matter of some controversy [82, 83]. Depleted iron stores are more common in female and young
donors as well as those who donate regularly [84], and it has been suggested that low iron is

associated with cognitive impairment [85]. Targeted iron supplementation in these high risk groups



has been recommended [86]. However, this comes with cost implications, associated adverse effects
and compliance issues as well as possible health risks associated with regular iron intake [83].
Alternative strategies have been suggested [86]. These include extending inter-donation intervals,
limiting donations in young donors (as implemented in Australia where the minimum age for
donation has been increased from 16 to 18 years [87], and introducing serum ferritin testing as part
of donor eligibility to donate in order to identify those individuals with low iron stores, as
implemented in donors aged 16-18 years by Vitalant and the American Red Cross in the US [88, 89].
It remains to be seen which approach can best balance the health of donors against maintaining

adequate blood supplies.

Our analysis has a number of key limitations. Firstly, the risk estimates presented in this review are
unadjusted for potential confounding factors. The risk estimates obtained from random-effects
meta-analyses are therefore average estimates only and should be interpreted with caution. Clearly,
individually tailored donation criteria will be most effective when considering a number of factors
simultaneously and the inter-dependency of those factors will determine the most effective criteria
to be assessed. A number of studies have performed multivariate analysis and report results
adjusted for a range of potential confounding factors including age, sex, ethnicity, weight, season,
ambient temperature, blood group, inter-donation interval, number of prior donations and use of
iron supplementation [9, 10, 13, 15, 19, 31, 34, 35, 61, 77, 90]. However, the disparity in factors
adjusted for between individual studies precluded meta-analysis of these adjusted results. A more
flexible approach might be gained through meta-regression, allowing individual study characteristics
to be included as covariates, thus assessing the effect of study level characteristics on effect size
estimates. Adjustment for confounding factors can be incorporated into the regression model, thus
allowing interpretation of the extent to which such factors affect the effect size. However, the most
powerful approach is the large trial which measures a wide range of factors to be evaluated in a
multivariate analysis approach using sophisticated statistical modelling techniques. The factors
identified in this review provide a basis for the design of such trials, with due attention given to

gender, age and ethnicity in particular.

Secondly, a high degree of heterogeneity exists across studies and care should be taken over the
interpretation and reporting of summary estimates given this high heterogeneity. Key sources of
heterogeneity include minimum Hb donation thresholds and differences in the ratio of male to
female donors in individual studies. The determination of Hb levels in prospective donors included a
variety of methods which included both venous and capillary blood measurements, leading to

varying levels of imprecision and bias across studies. Thirdly, the number of donations included in



each study as well as donation and deferral history is likely to introduce further heterogeneity in the
likelihood of deferral at the point of study. Multiple donation attempts, whether successful or
unsuccessful, could lead to differences in the underlying distribution of Hb levels, and thus the risk of
LHD. Finally, despite the clear evidence for differences in the risk of LHD between male and female
donors, many studies reported results for male and female donors combined, limiting the ability to

assess the sex-specific effect of other factors.

Given the vast array of factors which appear to affect a donor’s ability to meet Hb thresholds,
individually tailored donation criteria may improve the retention of donors and increase blood
supply overall. However, tailoring donation frequency will require the development of sophisticated
mathematical models in prospective studies and this could be an important area for donor research
in the future. We suggest that future prospective studies of LHD should incorporate the factors
identified in this study, and appropriate statistical modelling methods should be used. This may lead
to the identification of specific sub-groups of prospective donors which can then be subject to

tailored donation criteria and/or iron supplementation.

This systematic review has highlighted a number of factors which affect a donor’s ability to meet
minimum Hb donation thresholds. A donor’s sex, age, ethnicity, weight, donation history and inter-
donation interval as well as ambient temperature and donation setting affect the risk of LHD. Other
potential factors which may influence LHD include diet, smoking, blood group and genetic factors
but further evidence is required. In conclusion, large prospective studies are needed, with an
emphasis on collecting a wide spectrum of data on participant demographics, ethnicity and donation
characteristics and using appropriate statistical models to establish the combined effect of these

multiple factors on LHD in blood donors.



Acknowledgments

We thank Prof. Michael F Murphy for helpful comments on an early draft of the manuscript. This
research is supported by core funding from NHS Blood and Transplant, the National Institute for
Health Research (NIHR) Oxford Biomedical Research Centre Programme (SF, CD), the UK Medical
Research Council (MR/L003120/1), the British Heart Foundation

(RG/13/13/30194; RG/18/13/33946) and the National Institute for Health Research [Cambridge
Biomedical Research Centre at the Cambridge University Hospitals NHS Foundation Trust]. AB, TB
and KM are funded by the NIHR Blood and Transplant Research Unit in Donor Health and Genomics
(NIHR BTRU-2014-10024). SAR is funded by the National Institute for Health Research [Cambridge
Biomedical Research Centre at the Cambridge University Hospitals NHS Foundation Trust]. The views
expressed herein are those of the authors and not necessarily those of the NHS, the NIHR or the

Department of Health and Social Care.

Conflicts of Interest

Prof. David Roberts is joint principal investigator of the INTERVAL study. There are no other conflicts

of interest.
References

1. Custer B, Chinn A, Hirschler NV, Busch MP, Murphy EL. The consequences of temporary
deferral on future whole blood donation. Transfusion 2007;47(8):1514-23.

2. Smith GA, Fisher SA, Dorée C, Roberts DJ. A systematic review of factors associated with the
deferral of donors failing to meet low haemoglobin thresholds. Transfusion Med
2013;23(5):309-20.

3. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M et al. Preferred reporting
items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst
Rev 2015;4(1):1.

4, Viswanathan M, Berkman ND, Dryden DM, Hartling L. In: Assessing Risk of Bias and
Confounding in Observational Studies of Interventions or Exposures: Further Development
of the RTI Item Bank. Rockville (MD); 2013.

5. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. Br

Med J 2003;327(7414):557-60.



10.

11.

12.

13.

14.

15.

16.

17.

18.

Review Manager Version 5.3. Copenhagen. 2014.

Bahadur S, Pujani M, Jain M. Donor deferral due to anemia: A tertiary care center-based
study. Asian J Transfus Sci 2011;5(1):53-5.

Marks DC, Speedy J, Robinson KL, Brama T, Capper HR, Mondy P et al. An 8-week course of
45 mg of carbonyl iron daily reduces iron deficiency in female whole blood donors aged 18
to 45 years: results of a prospective randomized controlled trial. Transfusion
2014;54(3pt2):780-8.

Cable RG, Glynn SA, Kiss JE, Mast AE, Steele WR, Murphy EL et al. Iron deficiency in blood
donors: the REDS-Il Donor Iron Status Evaluation (RISE) study. Transfusion 2012;52(4):702-
11.

Spencer BR, Johnson B, Wright DJ, Kleinman S, Glynn SA, Cable RG et al. Potential impact on
blood availability and donor iron status of changes to donor hemoglobin cutoff and
interdonation intervals. Transfusion 2016;56(8):1994-2004.

Steele W. Impact Of Demographic Background On Donation Success At First Presentation To
The American Red Cross: p-086. Vox Sang 2013;105(Suppl1):94-5.

van den Berg K, Ingram C, Swanevelder R. The iron profile of South African donors. Vox Sang
2016;111(Suppl1):134-5.

Mast AE, Schlumpf KS, Wright DJ, Custer B, Spencer B, Murphy EL et al. Demographic
correlates of low hemoglobin deferral among prospective whole blood donors. Transfusion
2010;50(8):1794-1802.

Oliveira CDL, Martins G, Custer B, Proietti F, Carneiro-Proietti A, César CC. Hierarchical
analysis of anaemia deferral in blood donor candidates: the individual in the population
perspective. Transfusion Med 2011;21(6):371-7.

Perez GE, Gammon RR, Whitaker BI, Vassallo RR, Stubbs JR. Impact of changes to donor
hemoglobin criteria on the rate of donor deferral. Transfusion 2018;58(11):2581-8.

Shaz B, James A, Hillyer K, Schreiber G, Hillyer C. Demographic variations in blood donor
deferrals in a major metropolitan area. Transfusion 2010;50(4):881-7.

Agnihotri N, Pal L, Thakur M, Kumar P. The need to label red blood cell units with their
haemoglobin content: a single centre study on haemoglobin variations due to donor-related
factors. Blood Transfus 2014;12(4):520-6.

Almeida FN, Sabino EC, Tunes G, Schreiber GB, da Silva PPS, Carneiro-Proietti ABF et al.
Predictors of low haematocrit among repeat donors in Sao Paulo, Brazil: eleven year

longitudinal analysis. Transfus Apher Sci 2013;49(3):553-9.



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Baart AM, Atsma F, McSweeney EN, Moons KG, Vergouwe Y, de Kort WL. External validation
and updating of a D utch prediction model for low hemoglobin deferral in | rish whole blood
donors. Transfusion 2014;54(3pt2):762-9.

Baart AM, Fontana S, Tschaggelar A, Heymans MW, de Kort WL. Generalizability of Dutch
prediction models for low hemoglobin deferral: a study on external validation and updating
in swiss whole blood donors. Transfus Med Hemother 2016;43(6):407-14.

Custer B, Bravo M, Tomasulo P, Busch M, Kamel H. Interdonation Interval And Number Of
Previous Blood Donations Do Not Predict Future Hemoglobin Deferral As Well As Donor
Hemoglobin Level At Last Presentation: p-115. Vox Sang 2012;103(Suppl1):102.

Delage G, Germain M, Gregoire Y. Factors Predicting low hemoglobin deferrals in double red
blood cell donors. Transfusion 2012;52(Suppl):21A.

Kate MS, Jain P, Patil CK. An audit of deferral of blood donors at a tertiary care hospital. Res J
Pharmaceu Biol Chemical Sci 2013;4(3):1556-63.

Kwenti TE, Kwenti TDB. Anaemia and its association with month and blood phenotype in
blood donors in Fako division, Cameroon. BMC Hematol 2016;16(1):29.

Lee C, Chu C, Ho V, Li C, Leung J. How frequent does low pre-donation haemoglobin occur
among first time donors in Chinese. Vox Sang 2016;111(Suppl1):117-8.

Madrona DP, Herrera MDF, Jiménez DP, Giraldo SG, Campos RR. Women as whole blood
donors: offers, donations and deferrals in the province of Huelva, south-western Spain.
Blood Transfus 2014;12(Suppl 1):s11.

Magnussen K. The Haemoglobin And Ferritin Concentration In First-time Blood Donors: p-
120. Vox Sang 2014;107(Suppl1):93-4.

Ngoma AM, Goto A, Nollet KE, Sawamura Y, Ohto H, Yasumura S. Blood donor deferral
among students in northern Japan: challenges ahead. Transfus Med Hemother
2014;41(4):251-6.

Ngoma AM, Goto A, Sawamura Y, Nollet KE, Ohto H, Yasumura S. Analysis of blood donor
deferral in Japan: Characteristics and reasons. Transfus Apher Sci 2013;49(3):655-60.
Bakrim S, Quarour A, Jaidann K, Benajiba M, Masrar A. Hemogram profile and interest of
pre-donation hemoglobin measurement in blood donors in the northwest region of
Morocco. Transfus Clin Biol 2018;25(1):35-43.

de Kort W, Prinsze F, Nuboer G, Twisk J, Merz EM. Deferral rate variability in blood donor

eligibility assessment. Transfusion 2019;59(1):242-9.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Backman S, Larjo A, Soikkeli J, Castrén J, Ihalainen J, Syrjala M. Season and time of day affect
capillary blood hemoglobin level and low hemoglobin deferral in blood donors: analysis in a
national blood bank. Transfusion 2016;56(6):1287-94.

Cano P. Low Haematocrit Deferral Rate and Ambient Temperature: Ap9. Transfusion
2012;52(Suppl):242A.

Sebok, M., et al., Seasonal temperature variation and the rate of donor deferral for low
hematocrit in the American Red Cross. Transfusion, 2007. 47(5): p. 890-894.

Hoekstra T, Veldhuizen I, van Noord PA, de Kort WL. Seasonal influences on hemoglobin
levels and deferral rates in whole-blood and plasma donors. Transfusion 2007;47(5):895-
900.

Zanella A, Milani S, Silvani C, Gridelli L, Berzuini A, Rossi F et al. Monitoring hemoglobin and
iron status in blood donors to prevent iron deficiency. Bibl Nutr Dieta 1989;(44):131-43.
Baart AM, de Kort WL, Atsma F, Moons KG, Vergouwe Y. Development and validation of a
prediction model for low hemoglobin deferral in a large cohort of whole blood donors.
Transfusion 2012;52(12):2559-69.

Muon M. Assessment of whole blood donors' haemoglobin according to the interval
between donations-10 years' experience of a regional blood establishment. Vox Sang
2018;113(Suppl):117.

van den Berg K, Swanevelder R, Ingram C, Lawrie D, Glencross DK, Hilton C et al. The iron
status of South African blood donors: balancing donor safety and blood demand. Transfusion
2019;59(1):232-41.

Ziemann M, Steppat D, Brockmann C, Washington G, Kirchner H, Schlenke P. Selection of
whole-blood donors for hemoglobin testing by use of historical hemoglobin values.
Transfusion 2006;46(12):2176-83.

Duffy K, Taylor M, Bryant S, Smith C, Benike M, Stubbs J et al. One Donor Center's Inventory
Experience in Changing the Whole-blood Interdonation Interval from 8 to 12 Weeks Shows
that it Provides Adequate Blood Products to Patients without Additional Supplementation:
sp99. Transfusion 2015;55(Suppl):91A.

Goldman M, Yi QL, Steed T, O'Brien SF. Changes in minimum hemoglobin and interdonation
interval: impact on donor hemoglobin and donation frequency. Transfusion
2019;59(5):1734-41.

Afzal S, Hwee Huang T. A retrospective study of low haemoglobin and iron deficiency in new

and repeat donors over a period of 1 year. Vox Sang 2016;111(Suppl1):134.



44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Al Shaer L, Sharma R, AbdulRahman M. Analysis of blood donor pre-donation deferral in
Dubai: characteristics and reasons. J Blood Med 2017;8:55-60.

Custer B, Johnson ES, Sullivan SD, Hazlet TK, Ramsey SD, Hirschler NV et al. Quantifying
losses to the donated blood supply due to donor deferral and miscollection. Transfusion
2004;44(10):1417-26.

Gongalez TT, Sabino EC, Schlumpf KS, Wright DJ, Mendrone A, Lopes M et al. Analysis of
donor deferral at three blood centers in Brazil. Transfusion 2013;53(3):531-8.

Khuankaew R, Sakuldamrongpanich T, Permpanich S, Pikulsod S. Donor Deferral Rate In
Regional Blood Centre X Chiangmai: p-089. Vox Sang 2014;107(Suppl1):86.

Klausa E, Misiaszek A, Majda J, Antonczyk M, Kozlowski R. Is There A Correlation Between
Reduced Values Of Morphological Parameters In Peripheral Blood, Of Iron Metabolism And
Blood Donors' Diet?: p-122. Vox Sang 2013;105(Suppl1):106-7.

Malard L, Richard P, Maire F, Djoudi R, Gross S, Fillet AM. Factors associated with recovery of
haemoglobin levels after whole-blood donation in the French West Indies in 2015.
Transfusion Med 2018; 29(Suppl 1):72-5.

Kouao MD, Dembele B, N'Goran LK, Konate S, Bloch E, Murphy EL et al. Reasons for blood
donation deferral in sub-Saharan Africa: experience in lvory Coast. Transfusion 2012;52(7 Pt
2):1602-1606.

Wilkinson JL. Haemoglobin levels in blood donor volunteers -- a 20-year survey. Ir Med J
1982;75(4):115.

Nasserinejad K, van Rosmalen J, van den Hurk K, Baart M, Hoekstra T, Rizopoulos D et al.
Prevalence and determinants of declining versus stable hemoglobin levels in whole blood
donors. Transfusion 2015;55(8):1955-63.

Codaty J, Suresh A. The Deferred Blood Donor-Rising Like The Phoenix: p-073. Vox Sang
2013, 105(Supp1):90.

Magnussen K, Ladelund S. Handling Low Hemoglobin And Iron Deficiency In A Blood Donor
Population: 4c-s25-02. Vox Sang 2015;109(Suppl1):57.

Mast AE, Bialkowski W, Bryant BJ, Wright DJ, Birch R, Kiss JE, D’Andrea P, Cable RG, Spencer
BR. A randomized, blinded, placebo-controlled trial of education and iron supplementation
for mitigation of iron deficiency in regular blood donors. Transfusion 2018;56(6pt2):1588-97.
Stotzer F, Schneider S, Metzferoth G, Brade J, Miller-Steinhardt M, Kliter H. Influence of
iron substitution with a standard drug vs a food supplement on blood donation in repeated

blood donors. Transfus Med Hemother 2013;40(Suppl1):6-7.



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Patiakas S, Rousos K, Megalou K, Stavrou B. Reasons for possible blood donors deferral —
comparative study between inhospital and out of hospital blood collection. Vox Sang
2013;105(Suppl1):1.

Raouf M, Khalid T, Jarkas R, Mahmoud M, Saeed Z. Blood donors deferral pattern in fixed
and mobile sites. Vox Sang 2016;111(Suppl1):115.

Lau P, Hansen M, Sererat M. Influence of climate on donor deferrals. Transfusion
1988;28(6):559-62.

Sharma, T., B. Singh, and G. Bhatt, Profile of deferral of blood donors in regional blood
transfusion center in North India. Asian journal of transfusion science, 2013. 7(2): p. 163.
Sgrensen E, Rigas AS, Didriksen M, Burgdorf KS, Th@grner LW, Pedersen OB et al. Genetic
factors influencing hemoglobin levels in 15,567 blood donors: results from the Danish Blood
Donor Study. Transfusion 2019;59(1):226-31.

Finch CA, Cook J, Labbe R, Culala M. Effect of blood donation on iron stores as evaluated by
serum ferritin. Blood 1977;50(3):441-7.

Bhasin S, Woodhouse L, Casaburi R, Singh AB, Bhasin D, Berman N et al. Testosterone dose-
response relationships in healthy young men. Am J Physiol Endocrinol Metab
2001;281(6):E1172-E1181.

ASH. ASH: action on smoking and health ( 2007) Tobacco: Global Trends. URL
http://www.ash.org.uk/files/documents/ASH 562.pdf (Accessed 30/10/12). 2007.

Nordenberg D, Yip R, Binkin NJ. The effect of cigarette smoking on hemoglobin levels and
anemia screening. JAMA 1990;264(12):1556-9.

Food, Drug Administration H. Requirements for blood and blood components intended for
transfusion or for further manufacturing use. Final rule. Federal Register 2015;80(99):29841.
Perry GS, Byers T, Yip R, Margen S. Iron nutrition does not account for the hemoglobin
differences between blacks and whites. J Nutr 1992;122(7):1417-24.

Beutler E, Waalen J. The definition of anemia: what is the lower limit of normal of the blood
hemoglobin concentration? Blood 2006;107(5):1747-50.

Harteveld CL, Higgs DR. a-thalassaemia. Orphanet journal of rare diseases 2010, 5(1):13.
Acton RT, Barton JC, Snively BM, McLaren CE, Adams PC, Harris EL et al Geographic and
racial/ethnic differences in HFE mutation frequencies in the Hemochromatosis and Iron
Overload Screening (HEIRS) Study. Ethnic Dis 2006;16(4):815-21.

Gichohi-Wainaina WN, Towers GW, Swinkels DW, Zimmermann MB, Feskens EJ, Melse-

Boonstra A. Inter-ethnic differences in genetic variants within the transmembrane protease,



72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

serine 6 (TMPRSS6) gene associated with iron status indicators: a systematic review with
meta-analyses. Genes Nutr 2015;10(1):442.
Yadav Y, Kumar S. The food habits of a nation. The Hindu 2006;14(2006):12.

Society EV. How Many Veggies...? URL http://www.euroveg.eu/lang/en/info/howmany.php

(Accessed 30/10/12). 2012.

Guralnik JM, Eisenstaedt RS, Ferrucci L, Klein HG, Woodman RC. Prevalence of anemia in
persons 65 years and older in the United States: evidence for a high rate of unexplained
anemia. Blood 2004;104(8):2263-8.

Nilsson-Ehle H, Jagenburg R, Landahl S, Svanborg A, Westin J. Haematological Abnormalities
and Reference Intervals in the Elderly: A Cross-sectional Comparative Study of Three Urban
Swedish Population Samples Aged 70, 75 and 81 Years. Acta Med Scand 1988;224(6):595-
604.

Watanabe Gl. Climatic effect on the packed red-cell volume. Br J Haematol 1958;4(1):108-
12.

Di Angelantonio E, Thompson SG, Kaptoge S, Moore C, Walker M, Armitage J et al. Efficiency
and safety of varying the frequency of whole blood donation (INTERVAL): a randomised trial
of 45 000 donors. The Lancet 2017;390(10110):2360-71.

Baart AM, van den Hurk K, de Kort WL. Minimum donation intervals should be reconsidered
to decrease low hemoglobin deferral in whole blood donors: an observational study.
Transfusion 2015;55(11):2641-4.

Gandhi MJ, Duffy K, Benike M, Jenkins S, Stubbs JR. Effect of increasing hemoglobin cutoff in
male donors and increasing interdonation interval in whole blood donors at a hospital-based
blood donor center. Transfusion 2012;52(9):1880-8.

AABB. Association Bulletin 12-03: Strategies to monitor, limit or prevent iron deficiency in
blood donors. [September 21, 2012]; Available at URL:
http://www.aabb.org/tm/Documents/AB%2012-03%200BSOLETE.pdf (accessed
29/04/2019). 2012.

Smith GA, Fisher SA, Doree C, Di Angelantonio E, Roberts DJ. Oral or parenteral iron
supplementation to reduce deferral, iron deficiency and/or anaemia in blood donors.
Cochrane Database Syst Rev 2014(7): CD009532.

Gorlin JB. Iron replacement: precautionary principle versus risk-based decision making.
Transfusion 2019;59(5):1613-5.

Sayers MH. Iron supplementation? Ferritin screening? Why questions persist. Transfusion

2019;59(5):1616-9.



84.

85.

86.

87.

88.

89.

90.

Spencer BR, Bialkowski W, Creel DV, Cable RG, Kiss JE, Stone M et al. Elevated risk for iron
depletion in high-school age blood donors. Transfusion 2019;59(5):1706-16.

Vassallo RR. Donor iron depletion: beneficial or burdensome? Transfusion 2019;Mar 29. doi:
10.1111/trf.15282. [Epub ahead of print].

AABB. Ad Hoc Iron-Deficiency Working Group. AAB B donor iron deficiency risk-based
decision-making assessment report. Available from:

https://www.aabb.org/tm/Documents/AABB-Donor-lron-Deficiency-RBDM-Assessment-

Report.pdf. 2018.

Service ARCB. Mininum Age of Blood Donation Increased to 18 Years. Available at

https://www.donateblood.com.au/age-change (cited 16 May 2019). 2018.

Kamel H, Bravo MD, Townsend MJ, Vassallo RR. Ferritin testing of young blood donors: Year-

1 findings. Transfusion 2018;58(52):49A.

Spencer BR, Haynes JM, Rambaud ML, Xu M, Foster GA, Stramer SL. Ferritin testing to

mitigate risk for iron depletion in high school. Transfusion 2018;58(52):49A.

Custer B, Bravo M, Bruhn R, Land K, Tomasulo P, Kamel H. Predictors of hemoglobin
recovery or deferral in blood donors with an initial successful donation. Transfusion

2014;54(9):2267-75.



Table 1: Deferral results by donation characteristics.

Study Donation Group

Hb Deferral Rate (%)

(males/females)

OR (95% Cl) (male/female)

Donation Intensity

Baart 2012 Number of whole blood donations in past two years
Continuous n/r

Baart 2014 Number of whole blood donations in past two years
Continuous n/r

Baart 2016 Number of whole blood donations in past two years
Continuous n/r

Cable 2012 Number of whole blood donations in past two years
1-3 12.26
4-6 11.23
7-9 9.07
10+ 5.17

Custer et al 2012 and
Mast et al 2010

v A W N, O

26

De Kort 2019
Continuous

Spencer 2016
0
1-3
4-6
7-9
10+

Zanella et al 1989 Annual Rate of Donation

M: <2/year

F: <1.5/year

M: 2-3/year

F:1-5-2-5/year

M: >3/year

F:>2:5/year

1-3/18-2
1-1/17-5
1.5/18-1
2-1/18-1
2-3/16-4
2-6/13-4
2:8/8-8

Number of whole blood donations in past two years

n/r

Number of whole blood donations in past two years

n/r
n/r
n/r
n/r

n/r

1.14 (1.12-1.15)/0.92 (0.9-0.93)

0.97/0.9

0.97/0.9

1

0.9 (0.7-1.3)

1(0.8-1.3)
1(0.9-1.4)

Number of whole blood donations during previous 12 months

1
0-72 (0-67-0-77)/0-99 (0-98-1-01)
0-84 (0-79-0-90)/1-07 (1-05-1-09)
1:04 (0-97-1:11)/1-09 (1-06-1-12)
108 (1:01-1-15)/0-97 (0-94-1-00)
1-07 (0-99-1-16)/0-76 (0-73-0-80)
100 (0-89-1-13)/0-45 (0-40-0-51)

0.025/0.015

1.02

0.83
0.59

M: trend is to fall over the 16 donations.

F: trend is to rise over the 18 donations.

M: trend is to fall over 23 donations (slight rise in 18-21 year olds).

F: stable over 11 donations then varies.

M: falls over the 22 donations.

F: falls to 12 donations then rises.

Inter-donation Interval

Baart 2014

Continuous

n/r

Time since previous donation per month smaller than one year

0.89/0.9



Baart 2016 Time since previous donation per month smaller than one year
Continuous n/r 0.87/1.11
Custer 2014 Time since previous donation in weeks
8-16 n/r 1.5 (1.4-1.6)
16-20 n/r 1.2 (1.05-1.3)
20-24 n/r 1.2 (1.1-1.3)
24-36 n/r 1
36-52 n/r 0.8 (0.7-0.9)
52+ n/r 0.7 (0.7-0.8)
Muon 2018 Interdonation Interval
<3 months 4.4/40.4 3.58 (3.22-3.99)/8.48 (7.95-9.06)
3-4 months 1.8/13 1.39 (1.26-1.54)/1.87 (1.76-1.99)
4-5 months 1.6/9.9 1.23(1.12-1.36)/1.38 (1.32-1.43)
5-6 months 1.5/8.9 1.16 (1.07-1.25)/1.22 (1.18-1.26)
>6 months 1.3/7.4 1/1
Van den Berg 2019 Interdonation Interval
<3 months 1.98/13.95 1.18 (0.52-2.69)/0.94 (0.63-1.41)
3 to 6 months 2.37/16.88 1.41 (0.65-3.05)/1.14 (0.83-1.56)
>6 months 1.68/14.78 1/1
Zeimann et al 2006 Interdonation Interval
<6 months 63 0-70 (0-56-0-87)
6 to 11 months 6-2 0-68 (0-54-0-86)
12 to 23 months 7-7 0-87 (0-67-1-13)
224 months 88 1
New vs Repeat
Afzal 2016 New 1.04/41.99 1/1
Repeat 4.77/37.82 4.58 (3.8-5.52)/0.85 (0.9-0.95)
Al Shaer 2017 New 14.27 1
Repeat 6.68 0.47 (0.45-0.49)
Bakrim 2018 New 9.69 1
Repeat 8.6 0.89 (0.79-1)
Custer 2004 New 0-7/12-6 1/1
Repeat 0-5/10-3 0-69 (0-47-1-03)/0-80 (0-76—0-85)
Custer 2012 New 8-8 1
Repeat 81 0-87 (0-86—0-88)
Goncalez 2013 New 79 1
Repeat 3.9 0-47 (0-47-0-48)
Klausa 2013 New 38.46 1
Repeat 39.58 1.03 (0.46-2.29)
Kouao 2012 New 26 1
Repeat 4.0 1-61 (1-23-2-11)
Ngoma 2013 New 14.14 1



Ngoma 2014

Perez 2018

Van den Berg 2019

Wilkinson 1982

Repeat
New
Repeat
New
Repeat
New
Repeat
New

Repeat

7.29
10.54
12.5
1/14
2.76/15.27
1.55/19.01
1.98/13.28
1-2/17-6
1.0/13-2

0.52 (0.49-0.55)
1
1.09 (0.99-1.19)
1/1
2.75 (2.6/2.91)/1.09 (1.07/1.11)
1/1
1.28 (0.31-5.34)/0.65 (0.46-0.93)
1/1
0-78 (0-75-0-81)/0-71 (0-70-0-72)




Figure Legends

Figure 1: PRISMA flow diagram of study selection

Figure 2: Meta-analyses of low Hb deferral for females compared with males stratified by universal

or sex-specific deferral thresholds.

Figure 3: Meta-analysis of low hemoglobin deferral by ethnicity. A: Black or African-American vs

White; B: Asian vs White; C: Hispanic vs White.

Figure 4: Study-specific correlates between percentage of deferrals and age groups, by sex.

Figure 5: Meta-analysis of low hemoglobin deferral by season. A: Spring vs Winter; B: Summer vs

Winter; Autumn vs Winter.

Figure 6: Meta-analysis of low hemoglobin deferral, repeat versus new donors

Figure 7: Meta-analysis of low hemoglobin deferral, fixed versus mobile donation sites



