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Abstract

Background: To prevent (negative consequences of) temporary deferral due
to low hemoglobin, the Dutch national blood service Sanquin introduced a fer-
ritin monitoring policy in 2017. Ferritin is measured after the donation
(as opposed to before donation for hemoglobin), and low ferritin levels lead to
deferral of 6 (ferritin 15-30 ng/mL) or 12 months (ferritin <15 ng/mL). We
explored the consequences of this policy on donor behavior and availability.
Study Design and Methods: We included all Dutch whole blood donors who
made a donation (attempt) between 13 November and 31 December 2017. At
that point, the ferritin monitoring policy was randomly implemented in 8 of
29 regional clusters of collection centers. We extracted information from
Sanquin's donor database about donors’ deferrals, subsequent donation attempts,
and donation cessation (up to 31 December 2019). Donors deferred for low ferri-
tin were compared to those deferred for low hemoglobin or other reasons, as
well as to donors who were not deferred.

Results: A total of 55 644 donors were included (11% deferred). For donor
behavior, we found that donors deferred for low ferritin less often
unsubscribed and switched to other donation types, yet also made fewer dona-
tions in the follow-up period. For availability, we found they were less often
deferred, yet they were unavailable to donate for a longer period.

Conclusion: Results suggest that the implementation of a ferritin monitoring
policy may lead to a decrease in donor availability and reduced donations.
However, the policy is successful in retaining more donors and reducing low
hemoglobin deferrals.
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1 | INTRODUCTION

Sanquin, the national blood service in the Netherlands,
currently applies multiple deferral criteria that may result
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in temporary or permanent deferral. However, temporary
deferral may result in donor loss and complicates an ade-
quate blood supply.' The duration of a temporary deferral
can range from a single day up to 3 years. The most com-
mon reason for temporary deferral is low hemoglobin.*™*
In The Netherlands, approximately 10% of all donation
attempts are deferred on-site (ie, at the donation center),5
40% of whom are deferred for low hemoglobin.® Of these
donors deferred on-site for hemoglobin, the large major-
ity (82%) is female.” Measurement of hemoglobin levels
before donation assures adequate hemoglobin levels in
collected blood,? prevents anemic blood donors from
donating blood, and decreases the risk of health problems
after donation.® However, on-site low hemoglobin defer-
ral policies also lead to higher donor loss, longer time to
first return, and reduced frequency of donation compared
to donors who are not deferred,’ thereby threatening the
blood supply due to lower donor availability.

In an attempt to protect whole blood donors from
developing anaemia and reduce the deferral rate for low
hemoglobin levels (and its associated consequences),
Sanquin initiated an eligibility screening policy in 2017.
This policy includes ferritin measurements for each new
donor and at every fifth whole blood donation. Ferritin
measurements are tied to actual donation frequency and
after implementation of the new ferritin policy, ferritin
was measured from donors’ 5th, 10th, and 15th, donation
and so on. Donors with ferritin levels between 15-30 ng/
mL are deferred for 6 months, and donors with ferritin
levels below 15 ng/mL are deferred for 12 months.” Ferri-
tin levels are measured 1 to 2 days after the blood dona-
tion takes place or after blood samples are drawn (in the
case of new donors). Further details about the ferritin
monitoring policy can be found in Sweegers et al.” In case
of low ferritin levels, donors receive a letter or email with
information regarding the deferral. These donors are not
advised to make any changes to their daily habits and are
only advised to visit their general practitioner in the case
of iron deficiency-related complaints. After the deferral
for low ferritin levels has ended, donors' ferritin levels are
remeasured (either from blood taken during the next
donation, or—when a donor has been deferred for low fer-
ritin before—from blood samples drawn for this dedicated
purpose). When ferritin is <30 ng/mL again, the ferritin
level is remeasured after 6 or 12 months’ deferral, before
the donor is allowed to donate. These ferritin deferrals are
different from most other deferrals because the deferrals
takes place after the donor has donated. This may influ-
ence the experience of the deferral. For instance, it may
lead to fewer negative emotions compared to on-site defer-
rals such as low hemoglobin.'® Additionally, these ferritin
deferrals are longer in duration than many other deferrals
(eg, the standard deferral time for low hemoglobin is

3 months in the Netherlands7). Therefore, the implemen-
tation of the new ferritin monitoring policy may have
altered donor return behavior. We aimed to investigate
the consequences of the new ferritin monitoring policy by
comparing donor behavior and availability of donors
deferred for low ferritin levels to those of donors deferred
for low hemoglobin levels or other criteria, using data
from Dutch whole blood donors.

2 | METHOD

2.1 | Participants

We included all whole blood donors who provided con-
sent for their information to be used for medical scientific
research, and who made a donation (attempt) between
13 November and 31 December 2017. We included both
donors who donated at a collection center that had
implemented the ferritin monitoring policy at that time
and donors who donated at a different centre. The ferritin
monitoring policy was implemented according to a
stepped wedge cluster randomized design and only
8 (of 29) regional clusters had implemented the policy on
13 November 2017. The ferritin monitoring policy was
implemented at the other regional clusters throughout
the follow-up period (see Sweegers et al’ for a detailed
explanation of the implementation).

2.2 | Setting

The Dutch donor population consists of voluntary non-
remunerated donors, and when eligible, men are allowed
to donate whole blood a maximum of five times a year
(minimum interval of 56 days) and women a maximum of
three times a year (minimum interval of 122 days). Whole
blood donors receive an invitation via (postal) mail to visit
one of the collection centers during a 2-week walk-in
period. Even though some blood groups may be invited
more frequently than others based on demand for their
blood type, Sanquin strives that all donors donate at least
once a year (for more information about the donor popula-
tion and its characteristics, see Timmer et al''). The word-
ing in the invitation is exactly the same for all donors, so
previously deferred donors are invited in the same way as
donors who made a successful donation previously. To
reduce disappointment for both the donor and the blood
bank as a result of showing up needlessly, donors are
encouraged to complete a short version of the donor
health questionnaire online before visiting one of the col-
lection centers for a whole blood donation. This question-
naire includes questions related to general health, recent
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visits abroad, pregnancy, medical treatment, tattoos or
piercings, acupuncture, sexual behavior, dental visits, and
specific diseases. Based on the responses, a donor may be
temporarily deferred before visiting one of the collection
centers (ie, off-site self-deferral). All donors who visit a col-
lection center are checked for eligibility to donate using
the full version of the donor health questionnaire and
measurements of hemoglobin levels and blood pressure.
Based on the physical examination, donors are allowed to
donate if hemoglobin levels are >7.8 mmol/L (125 g/L) for
women or >8.4 mmol/L (135 g/L) for men, diastolic blood
pressure is 50 to 100 mm Hg, and systolic blood pressure
is 90 to 180 mm Hg. Any reason for deferral that comes to
light during this process is referred to as on-site deferral.
Because deferral due to low ferritin levels takes place after
the donation (and thus, the donor was deemed eligible to
donate at the time), this kind of donation can be referred
to as postdonation deferral.

2.3 | Data extraction

Each donor's first whole blood donation attempt in the
period 13 November to 31 December 2017 was referred to
as their index donation (attempt). For these donors, we
extracted information about donor characteristics, past
donation frequency, information about the index dona-
tion, and information about subsequent visits to blood col-
lection centers (including deferrals influencing whole
blood donation and whether the donor unsubscribed)
up to 31 December 2019 from the donor database
(eProgesa, 5.03; Mak-system, Paris, France). Based on the
predonation screening and ferritin measurement
(if available) of the index donation, every donor was cate-
gorized into one of the following index donation catego-
ries: (a) eligible to donate (no deferral), (b) deferred due to
low hemoglobin levels (<7.8 mmoL/L and 8.4 mmoL/L
for women and men, respectively), (c) deferred due to fer-
ritin <15 ng/mL, (d) deferred due to ferritin 15-30 ng/mL,
or (e) deferred for other reasons. Because the ferritin mon-
itoring policy was not implemented at all donation centers
at the time of the index donation (attempt), the low-
ferritin groups consisted only of donors who donated at a
donation center within the eight regional clusters that had
implemented the policy at that time. For donations in the
follow-up period, we considered only whole blood dona-
tion attempts, as the method of inviting donors is different
for other donation types. Hence, we checked whether
donors switched to another donation type. Sanquin Blood
Bank recruits plasma donors from active whole blood
donors, and these donors are asked to make an appoint-
ment for their next donation when they present at the
donation center. Generally, if a donor switches to plasma

donation, a donor does not switch back to whole
blood donation. Thus, donors who made a plasma dona-
tion during the follow-up period were considered as
switched donors. For other donation types, such as
thrombocytapheresis, erythrocytes, or a therapeutic blood
draw, donors are often personally invited after careful
selection and tissue typing, and it is possible to switch
temporarily and resume donating whole blood. Therefore,
we considered a donor switched if three or more subse-
quent donations were registered for another donation
type, without a subsequent whole blood donation.

2.4 | Data analyses

Descriptive statistics are presented (mean and SD or SE, or
median and interquartile range) for all included donors.
Age was calculated from date of birth at the time of the
index donation. Hemoglobin (mmol/L; Hemocue AB,
Angelholm, Sweden) was measured at the time of the
index donation. Donor behavior was operationalized as
switching from whole blood to a different donation type,
the frequency of whole blood donations, the ratio between
the number of donations and the number of invitations,
and donation cessation. Donation cessation is considered
to be the case when Sanquin no longer actively invites the
donor for donation. This may be either donor or Sanquin
initiated (eg, due to medical reasons). Donors who do not
respond to invitations but are still actively invited are thus
not considered to be ceased donors. We categorized these
donors into five donation cessation categories: (a) no con-
tact (ie, donors that Sanquin is not able to reach and can
be considered lost, such as donors who have not
responded to five invitations to donate); (b) medical (ie,
donors who are not allowed to donate anymore due to a
medical condition or feel unfit to donate); (c) unable to
donate (ie, donors who can no longer donate due to exter-
nal factors, such as moving abroad or passing the upper
age limit); (d) too many deferrals (eg, donors who are
repeatedly deferred for low hemoglobin); (e) other (all
other reasons, all of whom are provided by the donor,
such as “personal reasons,” being unsatisfied with blood
bank policy, or inconvenient opening times). Donor avail-
ability was operationalized as the number of deferrals in
the follow-up period and the ratio between the total num-
ber of days in the follow-up and the number of days
deferred during that period. To investigate differences on
measures of donor behavior and donor availability
between index donation categories (ie, eligible donors,
donors deferred for low hemoglobin levels, donors
deferred for ferritin <15 ng/mL, donors deferred for ferri-
tin 15 to 30 ng/mL, and donors deferred for other rea-
sons), we used x* tests for categorical outcome measures



SPEKMAN ET AL.

and (multivariate) analyses of covariance (MANCOVA/
ANCOVA) for continuous outcome measures. In the
MANCOVA/ANCOVA, we entered age, the number of
donations in the 2 years before the index donation, and
the donation interval since the last donation (in days) into
the model as covariates because they correlated signifi-
cantly with our outcome measures. For our analyses, we
used information from whole blood donations only, and
results are presented separately for men and women. We
applied Bonferroni correction for multiple testing wher-
ever we used pairwise comparisons to compare specific
index donation categories.

3 | RESULTS

Between 13 November and 31 December 2017, 55 864
whole blood donors visited a donation center. Of these,
16 795 donors (30%) visited a donation center within one
of the eight regional clusters that had implemented the
new ferritin policy. Based on the index donation, we
excluded 189 donors who were permanently deferred,
four donors who received a postdonation deferral due to
additional confirmation tests or other medical reasons,
and 27 donors for whom data was insufficient to
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determine whether the donor was deferred. Of the total
55 644 donors (48.3% female) included in the data set,
4473 were deferred during the predonation screening. Of
them, 2262 (4.1%) were deferred for low hemoglobin and
2211 (4.0%) were deferred for other reasons. Ferritin was
measured for 2814 out of the 51 171 donors who made a
donation, resulting in 599 (1.1%) donors deferred due to
ferritin levels <15 ng/mL and 916 donors (1.6%) donors
deferred due to ferritin levels 15 to 30 ng/mL. Thus,
49 656 donors (89.2%) made a successful donation with-
out any on-site deferral or postdonation ferritin deferral.
Donor characteristics for the different index donation cat-
egories are presented in Table 1.

3.1 | Donor behavior

3.1.1 | Donation cessation

A total of 4054 donors (7.3%) ended their donor career,
with an even split between females and males. We calcu-
lated differences for the total number of donors ceasing
their donor career between index donation categories.
Descriptives of the reasons why donors ended their donor
career and results of pairwise comparisons of the total

past 2 years, median (IQR)

Time since last whole blood donation,
d, median (IQR)

151 (132-208)

140 (128-175)

139 (127-175)

151 (133-196)

TABLE 1 Donor characteristics
Hb < 8.4 Ferritin Ferritin Other
No deferral mmol/L <15 ng/mL 15-30 ng/mL deferral
Male donors, N 26 204 762 274 509 1025
Age, y, median (IQR) 52 (37-60) 55 (44-62) 53 (38-60) 53 (42-61) 53 (36-61)
Hemoglobin, mmol/L, median (IQR) 9.3 (8.9-9.7) 8.1(7.9-8.2) 8.8 (8.5-9.2) 9.2 (8.8-9.7) 9.3 (8.9-9.9)
Ferritin, ng/mL, median (IQR) 52 (39-76) n/a? 12 (10-13) 22 (18-25) n/a
Number of whole blood donations in 6 (3-8) 7 (5-9) 8 (6-9) 7 (5-9) 5(2-7)
past 2 years, median (IQR)
Time since last whole blood donation, 90 (70-132) 77 (64-105) 77 (65-103) 84 (70-112) 104 (74-161)
d, median (IQR)
Hb < 7.8 Ferritin Ferritin Other
No deferral mmol/L <15 ng/mL 15-30 ng/mL deferral
Female donors, N 23 452 1500 325 407 1186
Age, y, median (IQR) 43 (27-55) 35 (24-49) 41 (27-51) 46 (31-56) 40 (27-56)
Postmenopausal, % 53 35 42 54 45
Hemoglobin, mmol/L, median (IQR) 8.5(8.1-8.9) 7.5(7.3-7.6) 8.2(7.8-8.6) 8.5(8.2-8.8) 8.5(8.1-8.9)
Ferritin, ng/mL, median (IQR) 48 (37-62) n/a® 10 (8-13) 23 (19-26) n/a
Number of whole blood donation in 3(1-5) 3(2-5) 4 (3-5) 4(3-5) 3(1-4)

159 (133-236)

3Sanquin's policy prescribes that ferritin is only measured among donors deferred for low hemoglobin when there is an explicit reason to do so, such as
recurring low hemoglobin deferrals. Hence, ferritin levels were only measured for 11 male and 15 female donors deferred for low hemoglobin. Therefore,
ferritin levels are not an adequate representation for this group and, hence, left out of the table.
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number of donors ceasing their donor career are pres-
ented in Table 2.

For male donors, we found a significant difference
between index donation categories in the number of
donors ending their donor career (x* (4) = 78.03;
P < .001). Focusing on the ferritin categories, we see
that donors in both the ferritin <15 ng/mL and in the
ferritin 15 to 30 ng/mL categories (3.8% and 3.1%,
respectively) unsubscribed significantly fewer compared
to donors deferred for hemoglobin (10.7%) and other
reasons (12.4%; (x*s(1)>10, P’s <.02). The ferritin
15 to 30 ng/mL category also unsubscribed significantly
fewer compared to the no deferral category (6.8%; y*
(1) = 78.03; P = .01).

For female donors, we also found a significant differ-
ence between index donation categories in the number of
donors ending their donor career (x> (4) = 160.32;
P < .001). We see a similar pattern for female donors
compared to male donors in the ferritin-deferred catego-
ries. The ferritin <15 ng/mL category (3.0%) and the fer-
ritin 15 to 30 ng/mL category (6.2%) unsubscribed
significantly fewer compared to both the hemoglobin
deferral category (13.9%) and the deferral for other

TABLE 2
correction for multiple comparisons applied)

reasons category (12.9%; x*'s (1) > 13, P's < .01). No sig-
nificant differences were found between the ferritin cate-
gories and the no deferral category (6.9%; x°s (1)
< 6;Ps>.1).

3.1.2 | Switch to other donation types

A total of 2266 donors (4.1%) switched from being
whole blood donor to a different donation type during
the follow-up period (see Table 3), about half of whom
were men (49%). For male donors, we found no differ-
ences between the index donation categories in the
number of donors switching to other donation types
(P = .21). For female donors, we found a significant dif-
ference between index donation categories in terms of
the number of donors who switched to a different
donation type (y* (4) = 9.60; P =.048). Particularly
female donors deferred for low ferritin were signifi-
cantly less likely to switch (2.2% switched in both ferri-
tin categories) compared to the hemoglobin deferral
category (4.6%) and the other reason deferral category
(5.0%; ¥*'s (1) > 4; P's = .05). In total, 649 of the donors

Descriptives and x> comparisons® of donation cessation in the follow-up period per index donation category (Bonferroni

Ferritin Ferritin
No deferral Hb < 8.4 mmol/L <15 ng/mL 15-30 ng/mL Other deferral
Male donors, N 26 204 776 260 509 1026
No contact, N (%) 950 (53.0) 24 (28.9) 3 (30.0) 6 (37.5) 59 (46.5)
Medical, N (%) 404 (22.6) 20 (24.1) 2(20.0) 4(25.0) 38(29.9)
Unable to donate, N (%) 95 (5.3) 4 (4.8) 1 (10.0) 1(6.3) 4(3.2)
Too many deferrals, N (%) 4(0.2) 3(3.6) 0(0.0) 0(0.0) 0(0.0)
Other, N (%) 338 (18.9) 32 (38.6) 4 (40.0) 5(31.3) 26 (20.5)
Total, N (%) 1791 (6.8) © 83 (10.7)> ¢ ¢ 10(3.8)>F 16 (3.1)>F 127 (12.4)> ¢ ¢
Ferritin Ferritin
No deferral Hb < 7.8 mmol/L <15 ng/mL 15-30 ng/mL Other deferral
Female donors, N 23452 1563 265 405 1188
No contact, N (%) 825 (50.8) 87 (40.1) 3 (37.5) 6 (24.0) 80 (52.3)
Medical, N (%) 238 (14.7) 53 (24.4) 4(50.0) 8 (32.0) 29 (19.0)
Unable to donate, N (%) 148 (9.1) 9(4.2) 0 (0.0) 3(12.0) 6(3.9)
Too many deferrals, N (%) 6(0.4) 7(3.2) 0(0.0) 0(0.0) 2(1.3)
Other, N (%) 407 (25.1) 61 (28.1) 1(12.5) 8 (32.0) 36 (23.5)
Total, N (%) 1624 (6.9)% £ 217 (13.9)> ¢ ¢ 8(3.0°F 25 (6.2)% f 153 (12.9)> & ¢

Note: Superscript denotes statistically significant differences from groups b-f (P < .05).
?Only the total number of ceased donors is compared, as too little data was available to compare the different reasons for donor cessation.

®Significantly different from the no deferral group (P < .05).

‘Significantly different from the low hemoglobin deferral group (P < .05).
dSignificantly different from the ferritin <15 ng/mL deferral group (P < .05).
“Significantly different from the ferritin 15-30 ng/mL deferral group (P < .05).
fSignificantly different from the other deferral group (P < .05).
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(40% male) who switched to other donation types did
so immediately after the index donation, so these
donors did not have any opportunity to return for fur-
ther whole blood donations. Therefore, these 649 donors
are left out of the following analyses.

3.1.3 | Number of donations

We also tested whether the total number of whole blood
donations during the follow-up period differed between
the index donation categories (see Table 4). Male donors
donated, on average, 6.2 times (SD, 2.75) during the
follow-up, while female donors donated 4.0 times (SD,
1.68) during that period.

For male donors, we found a univariate difference
between index donation categories on the number of
donations made in the follow-up period (F [4,
26 995] = 423.68; P < .001, qu = .06). Results of pairwise
comparisons of estimated marginal means showed that
all deferral categories differed significantly from one
another in terms of the number of whole blood donations
made during the follow-up period. Especially donors
deferred for ferritin made many fewer donations on aver-
age (2 and 3.6 for donors deferred for ferritin <15 ng/mL

TABLE 3

TRANSFUSION-2

and ferritin 15 to 30 ng/mL, respectively) compared to
the other index donation categories.

For female donors, we also found significant univari-
ate effects on the number of donations in the follow-up
period (F [4, 23 060] = 229.05; P < .001, n,” = .04). Again,
we observed that both ferritin categories led to signifi-
cantly fewer donations during the follow-up period (1.9
and 3.1 for the ferritin <15 ng/mL and the 15-30 ng/mL
categories, respectively) compared to the other.

3.1.4 | Ratio donations/invitations

Next, we looked at the ratio between donations and invi-
tations. Because a whole blood donation (attempt) is
always preceded by an invitation at Sanquin, we looked
only at the last invitation and checked whether this was
followed by a whole blood donation attempt. If a dona-
tion attempt was registered after the last invitation, this
ratio is 1, as the donor responded to all invitations. A
lower score indicates that the last invitation was not
followed by a donation attempt in the follow-up period
(and the ratio is influenced by the total number of dona-
tions made during the follow-up period). Results for both
male and female donors are shown in Table 5.

x* comparisons of the number of donors switched from whole blood to other donation types in the follow-up period per index

donation category (Bonferroni correction for multiple comparisons applied)

No deferral Low hemoglobin
Male donors, N (%) 1013 (3.9) 22(2.9)
Female donors, N (%) 1013 (4.3)° 69 (4.6)>°

Ferritin Ferritin

<15 ng/mL 15-30 ng/mL Other deferral
6(2.2) 20 (4.0) 48 (4.7)

7 (2.2)~¢ 9 (2.2)*¢ 59 (5.0)>¢

Note: Superscript denotes statistically significant differences from groups a-d (P < .05).

3Significantly different from the low hemoglobin deferral group (P < .05).
®Significantly different from the ferritin <15 ng/mL deferral group (P < .05).
“Significantly different from the ferritin 15-30 ng/mL deferral group (P < .05).
dSignificantly different from the other deferral group (P < .05).

TABLE 4 Estimated marginal means for the total number of whole blood donations in the follow-up period per index donation
category, adjusted for covariates at their mean value (Bonferroni correction for multiple comparisons applied)

Ferritin Ferritin
No deferral Low hemoglobin <15 ng/mL 15-30 ng/mL Other deferral
Male donors, estimated 6.42 (0.2)>cde 5.40 (0.09)>%4¢ 2.00 (0.14)*P-de 3.63 (0.11)*b¢ 5.99 (0.08)*Pd

marginal mean (SE)

Female donors, estimated 4.13 (0.01)>4 3.77 (0.04)>c4¢

marginal mean (SE)

1.87 (0.09)*P:de 3.09 (0.08)*P¢ 4.05 (0.05)><4

Note: Superscript denotes statistically significant differences from groups a-e (P < .05).

*Significantly different from the no deferral group (P < .05).

®Significantly different from the low hemoglobin deferral group (P < .05).
“Significantly different from the ferritin <15 ng/mL deferral group (P < .05).
dSignificantly different from the ferritin 15-30 ng/mL deferral group (P < .05).
€Significantly different from the other deferral group (P < .05).
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For male donors, we found significant univariate dif-
ferences between the index donation categories on the
response rate (F [4, 26 995] = 20.38; P < .001, qu =.003).
Pairwise comparisons of estimated marginal means
showed that the response rate was highest among donors
who were not deferred and lowest among donors
deferred for ferritin <15 ng/mL or for other reasons.

For female donors, we also found a univariate differ-
ence between the index donation categories (F [4,
23 060] = 19.65; P < .001; qu =.003). This time, how-
ever, we found that the response was highest among
donors who were not deferred or deferred for ferritin
15 to 30 ng/mL, whereas the response rate was signifi-
cantly lower among donors deferred for low hemoglobin,
for ferritin <15 ng/mL, and for other reasons.

3.2 | Donor availability

3.21 | Number of deferrals

To investigate differences in the number of deferrals dur-
ing the follow-up period, we looked at differences
between the index donation categories on the number of
deferrals due to hemoglobin, ferritin <15 ng/mL, ferritin
15 to 30 ng/mL, and other reasons, as well as the total
number of deferrals during the follow-up period. Results
for both male and female donors are presented in
Table 6.

For male donors, we found a significant multivariate
difference between the index donation categories (Wilk's
A = .97; F [16, 82 462.56] = 56.13; P < .001; qu =.008).
Univariate tests showed differences of index donation
category for each of the individual deferrals (F's > 15; P's
< .001; range, rlpz =.002-.02). Pairwise comparisons of
estimated marginal means showed that the average total
number of deferrals and the number of deferrals for other

TABLE 5

reasons in the follow-up period was significantly lower
among donors deferred for low ferritin (both <15 and
15-30 ng/mL) than the other categories. Additionally, we
found that the donors in the low hemoglobin category on
average received more ferritin-related deferrals in the
follow-up period than any of the other categories.

For female donors, we also found a significant multi-
variate difference between index donation categories
(Wilk's A = .95; F [16, 70 440.94] = 81.23; P < .001;
n,” = .01). Univariate tests showed differences for each of
the individual deferrals (F's > 15, P's < .001; range qu =
.003-.04). Similar to male donors, we found that female
donors in the ferritin <15 ng/mL category received signifi-
cantly fewer total deferrals and deferrals for other reasons
during the follow-up period. In contrast to male donors, we
found that the number of ferritin-related deferrals (both
<15 and 15-30 ng/mL) was higher among the ferritin index
donation categories than the other categories. The number
of hemoglobin deferrals was lower among the ferritin cate-
gories compared to the other categories. At the same time,
donors in the hemoglobin index donation category received
significantly more hemoglobin deferrals during the follow-
up period in comparison to the other categories.

3.2.2 | Deferral rate

Finally, we looked at differences between the index dona-
tion categories in the deferral rate during the follow-up
period. The deferral rate was operationalized as the ratio
between the number of days a donor was deferred vs the
total follow-up time (in days). A deferral rate of 1 thus
means that the donor was deferred for the entire time in
the follow-up period and, hence, unavailable to donate,
while lower values indicate higher availability of the
donor. Table 7 shows the results for both male and
female donors.

Estimated marginal means for the response rate (ratio of number of donations vs number of invitations) in the follow-up

period per index donation category, adjusted for covariates at their mean value (Bonferroni correction for multiple comparisons applied)

Low Ferritin Ferritin Other
No deferral hemoglobin <15 ng/mL 15-30 ng/mL deferral
Male donors, estimated marginal mean  0.92 0.90 (0.004)* 0.89 (0.01)* 0.91 (0.01)° 0.89
(SE) (0.001)"°¢ (0.004)>4
Female donors, estimated marginal 0.89 0.87 (0.004)>4 0.85 (0.01)™¢ 0.90 (0.01)>¢ 0.86 (0.01)™¢
mean (SE) (0.001)"°¢

Note: Superscript denotes statistically significant differences from groups a-e (P < .05).

“Significantly different from the no deferral group (P < .05).

®Significantly different from the low hemoglobin deferral group (P < .05).
“Significantly different from the ferritin <15 ng/mL deferral group (P < .05).
dSignificantly different from the ferritin 15-30 ng/mL deferral group (P < .05).
®Significantly different from the other deferral group (P < .05).
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estimated marginal means showed that male donors
deferred for ferritin <15 ng/mL had a significantly higher
deferral rate than all other index donation categories,

For male donors, a significant univariate effect of
deferral category was found (F [4, 26 995] = 799.44;
P < .001; rlpz =.11). Results of pairwise comparisons for

TABLE 6 Estimated marginal means for number of deferrals during the follow-up period per index donation category, adjusted for
covariates at their mean value (Bonferroni correction for multiple comparisons applied)

Low Ferritin Ferritin
No deferral hemoglobin <15 ng/mL 15-30 ng/mL Other deferral
Male donors, N 24 544 751 273 501 934
Total deferrals, mean (SE) 1.65 (0.01)>4¢ 2.03 (.05)><de .58 (.09)*P° .83 (.07)*P* 1.80 (.05)*>
Hemoglobin deferrals, .22 (0.004)Pcde .63 ((02)cde —.03 (.03)*P* .002 (.03)>be .16 (.02)>Ped
mean (SE)
Ferritin <15 deferrals, .11 (0.002)° 22 ((01)>cde .14 (.02)° .08 (.02)° .10 (.01)°
mean (SE)
Ferritin 15-30 deferrals, .24 (0.003)>%¢ 22 (.02)¢ 13 (.03 12 (.02)*° .16 (.02)*
mean (SE)
Other deferrals, mean (SE) 1.08 (0.01)>%¢ .96 (.05)>%° .34 (.08)»P-de .62 (.06)*P-e 1.38 (.04)>Pcd
Low Ferritin Ferritin Other
No deferral hemoglobin <15 ng/mL 15-30 ng/mL deferral
Female donors, N 20 034 1351 299 382 1002
Total deferrals, mean (SE) 1.58 (0.01)>°°  2.01 (0.04)*<%e 1.06 (0.08)>>% 1.41 (0.07)>°¢ 1.80 (0.4)*Pd
Hemoglobin deferrals, 0.19 (0.004)>>4  0.59 (0.01)>%%° 0.02 (0.03)*P* 0.05 (0.03)*P 0.16 (0.02)>4
mean (SE)
Ferritin <15 deferrals, 0.12 0.20 (0.01)><%e 0.36 (0.02)*P* 0.31 (0.02)*"* 0.08
mean (SE) (0.003)cde (0.01)*P<4
Ferritin 15-30 deferrals, 0.15 (0.003)>%¢  0.09 (0.01)*°° 0.20 (0.02)>*° 0.25 (0.02)*" 0.11 (0.01)*4

mean (SE)
Other deferrals,

1.13 (0.01)>%¢

1.13 (0.03)4¢

0.48 (0.07)*4¢

mean (SE)

Note: Superscript denotes statistically significant differences from groups a-e (P < .05).
*Significantly different from the no deferral group (P < .05).

bSignificantly different from the low hemoglobin deferral group (P < .05).
“Significantly different from the ferritin <15 ng/mL deferral group (P < .05).
dSignificantly different from the ferritin 15-30 ng/mL deferral group (P < .05).
CSignificantly different from the other deferral group (P < .05).

TABLE 7

0.81 (0.06)*P°

category, adjusted for covariates at their mean value (Bonferroni correction for multiple comparisons applied)

1.44
(0.04)>bd

Estimated marginal means for the deferral rate (ratio of time deferred vs total time in the follow-up) per index donation

Ferritin Ferritin
No deferral Low hemoglobin <15 ng/mL 15-30 ng/mL Other deferral
Male donors, estimated 0.18 (0.001)<4¢ 0.44 (0.01)>%4* 0.61 (0.01)*>4° 0.37 (0.01)*Pce 0.31 (0.01)*>c4
marginal mean (SE)
Female donors, estimated 0.18 (0.001)>%%¢ 0.44 (0.01)><% 0.72 (0.01)*>4¢ 0.52 (0.01)*P<e 0.32 (0.01)*><4

marginal mean (SE)

Note: Superscript denotes statistically significant differences from groups a-e (P < .05).
*Significantly different from the no deferral group (P < .05).

®Significantly different from the low hemoglobin deferral group (P < .05).
“Significantly different from the ferritin <15 ng/mL deferral group (P < .05).
dSignificantly different from the ferritin 15-30 ng/mL deferral group (P < .05).
€Significantly different from the other deferral group (P < .05).
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followed by donors in the low hemoglobin category and
donors in the ferritin 15 to 30 ng/mL category. Donors in
the no deferral index donation category had the lowest
deferral rate and thus the highest availability.

For female donors, we found significant univariate
differences between index donation categories (F [4,
23 059] = 1221.43; P < .001; rlpz = .18). Similar to male
donors, we found that deferral rate was highest among
the group of donors who were deferred for ferritin
<15 ng/mL, followed by donors deferred for ferritin 15 to
30 ng/mL, and donors deferred for low hemoglobin.

4 | DISCUSSION

In this study, we sought to investigate the consequences
of a new ferritin monitoring policy on whole blood donor
behavior and availability. For donor behavior, we found
that donors deferred for low ferritin were retained better
in terms of fewer donors ending their donor career and
fewer donors switching to other donation types. How-
ever, we also found that these donors donated fewer
times during the follow-up period and had a somewhat
lower response rate to donation invitations, especially
among donors deferred for ferritin <15 ng/mL. For donor
availability, we found that donors deferred for low ferri-
tin were deferred less often during the follow-up period,
but nevertheless were not available to donate for longer
periods of time.

A little over 10% of donors included were deferred
on-site at the start of our study. In line with previous
findings, the most common cause of deferral was low
hemoglobin.*®° The new ferritin monitoring policy was
initiated to reduce the high rates of hemoglobin deferral
and protect whole blood donors from developing anemia.
While we did not investigate the impact of the new policy
on ferritin levels or health among donors, our results sug-
gest the new policy is successful in reducing the deferral
rate for low hemoglobin levels. In accordance with previ-
ous research, donors in our ferritin categories had fewer
deferrals for low hemoglobin in the follow-up period.
However, the difference in duration of deferrals (standard
periods ranging from 3 months for low hemoglobin to
12 months for ferritin <15 ng/mL) may have played a
role in the reduction of deferrals during the follow-up
period.

Unsurprisingly, in light of the longer deferral period,
ferritin deferral appears to have had a negative effect on
donor availability. Previous research has shown that
deferred donors make fewer donations, and this was the
case in our study as well."”> Donors in all deferral catego-
ries donated fewer times compared to donors in the non-
deferred category, and this difference was most evident

in the ferritin categories, particularly the ferritin <15 ng/
mL category. This finding is in line with the findings
from a study that also used a 2-year follow-up period
after ferritin measurement, as Goldman and colleagues'?
also found that donors with low ferritin (<25 pg/L) made
fewer donations during the follow-up period. It seems
plausible that the longer deferral period also plays a
salient role in the lower number of whole blood dona-
tions made by donors in the ferritin categories. Such long
periods of donor unavailability are a risk for blood collec-
tion agencies and require recruitment of new donors.
Otherwise, blood collection agencies might put an unnec-
essary strain on donors currently not deferred for ferritin,
thereby depleting their ferritin levels, and risk negating
the beneficial effects of the ferritin monitoring policy.
Donors in all deferral categories, except the ferritin 15 to
30 ng/mL category, were less likely to return for their
next donation after receiving an invitation to donate
compared to nondeferred donors. Donors in the ferritin
15 to 30 ng/mL category fared better, especially female
donors who showed a higher response rate compared to
the other deferral categories. This suggests that ferritin-
related deferral does not necessarily lower the motivation
to donate compared to other deferrals. In fact, donors
whose donation has been deferred for low ferritin receive
a letter stating that their ferritin will be measured again
at their next visit to the donation center, which in itself
may be a motivator for these donors to return.

The results indicate a positive effect of the new policy
on donation cessation as donors deferred for low ferritin
were the least likely to cease their donor career. This is
surprising as the lower return rate of deferred donors is
well documented."®'*"'® The lower number of deferrals
and shift from on-site deferral to deferral after the donor
has donated (ie, postdonation deferral) might be respon-
sible for this reduced cessation. Our study provides addi-
tional evidence that deferral length is not a critical factor
for ceasing a donor career,” as the deferral categories
with the longest duration of deferral (ie, the ferritin
deferral categories) were the least likely to end their
donor career.

Even though we followed the behavior of the donors
for a crucial 2-year period, it is possible that longer-term
effects might be present that we are currently unable to
detect. For example, availability and donations may
increase long term due to fewer deferrals and healthier
donors as a result of increasing ferritin levels.

When introducing new policies such as the ferritin
monitoring policy, consequences can be far-reaching and
evaluation is necessary. Vinkenoog and colleagues'?
show promising results of the policy for donor ferritin
levels and postulate two other important evaluation
criteria: the effect on donor health and on the blood
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supply. While further research on the effect of the new
policy on ferritin levels and donor health is being
conducted,'’ this study investigated the effects on donor
behavior and availability primarily for possible conse-
quences of the policy for the blood supply. Policies aimed
at protecting whole blood donors often conflict with goals
for the blood supply.'” Initial results suggest that other
blood collection agencies considering a similar ferritin
policy can expect a decrease in donor availability and
reduced donations. However, results show that the policy
is effective in reducing deferrals for low hemoglobin and
donation cessation. More research with longer follow-up
periods will be necessary to assess the impact of the ferri-
tin monitoring policy on the blood supply and examine if
the long-term promise of the new ferritin policy will be
fulfilled.
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