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Abstract

Obijectives: We performed a mixed-methods study to explore the motivations associ-
ated with blood donation by donors with known, but undisclosed HIV-positive status
and ARV use (HIV-+/ARV+), seeking potential strategies to reduce such donations and
mitigate risk for blood recipients. Here, we report predominantly the qualitative
component.

Background: A safe and sustainable blood supply is dependent in part, on effective pre-
donation donor assessment. We previously described failure by HIV+/ARV+ blood
donors to disclose their status. Such donations may lead to transfusion-transmitted HIV.
Methods: The social ecological model provided the conceptual framework for this
study. Previously identified HIV+/ARV+ donors were invited to complete a survey
(including a validated stigma scale) and qualitative interview, which underwent induc-
tive and deductive thematic analysis.

Results: We uncovered two primary motivational paths to HIV+/ARV+ blood dona-
tions: privacy and altruism. The latter included a motivation not previously reported
in the literature: donating specifically for other people living with HIV (PLWH). The
other primary factor was a lack of privacy. These accounts often included donors
encountering donation opportunities when accompanied by people to whom they
had not and did not plan to disclose their HIV status. Most were highly confident
their donations would be identified as HIV-positive and discarded.

Conclusion: We demonstrated a complex interaction between individual, social, cul-
tural, and structural/policy factors in blood donations by PLWH who take ARV. Rec-
ommendations to limit HIV + ARV+ donations include: (1) Targeted communication
strategies to increase knowledge among PLWH of their deferral from blood
donation—without increasing stigma, and (2) development of procedures to assist

those who feel unable to opt-out of donation due to privacy concerns.

KEYWORDS
anti-retroviral agents, blood donation, health status disclosure, HIV, motivations

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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1 | INTRODUCTION

The World Health Organization recently reaffirmed the global need
for a safe, sustainable blood supply to support the effective delivery
of health services and programs.? A key safety component is the
reduction of the risk of transfusion-transmitted infections (TTI) such
as HIV, Hepatitis B and C.% To achieve this, blood transfusion services
employ a multi-pronged approach. While laboratory screening is
conducted on all donated blood, donors must pass a combination of
pre-donation education, donor assessment via a Donor History Ques-
tionnaire (DHQ) and potential deferral. Deferral is disqualification
from donation, whether indefinitely (e.g. people living with certain
infections, including HIV) or for a specified period (e.g. iron defi-
ciency).* These efforts have been remarkably successful, decreasing
the number of transfusion-related HIV transmissions in the
United States from thousands in the early 1980s° to an estimated risk
of <1 in 1.6 million donations in 2021.° Even in South Africa, with its
generalised and growing HIV epidemic of more than 8 million people”
of whom an estimated 70% are on treatment,® improved screening
strategies reduced the risk of HIV transmission from an estimated
22 per million transfusions in 19947 to less than 13 per million trans-
fusions in 2015.°

The effectiveness of pre-donation donor assessment and deferral,
as a blood safety strategy, depends both on asking the right questions
(those that address behaviours and health conditions that truly pose
risk) and the willingness of would-be donors to disclose such personal
information.!*"*® This can pose challenges. Studies in Europe,'1*
North America,’® Australia'® and India'” confirmed higher rates of
nondisclosure of risk factors for HIV TTl among donors who tested
positive for these than among donors who tested negative. Most
studies investigating non-disclosure among blood donors focus on risk
behaviours for HIV and other TTI. Non-disclosure of known HIV status
or antiretroviral drug (ARV) use among blood donors has been less fre-
quently explored.

Donations from donors with undisclosed, but known HIV-
positive status and/or ARV use (HIV+/ARV+), even with unde-
tectable viral loads, may pose a risk to the safety of the blood
supply, especially in high HIV prevalence and ARV uptake settings
such as South Africa. This is because when people living with HIV
(PLWH) are not deferred prior to donation, detection of virus in
their blood is dependent on serologic and molecular HIV assays,
the efficacy of which may be compromised in persons with early
initiation of ARV or those with pre-exposure prophylaxes break-

18-20 It should be noted that while an undetect-

through infections.
able viral load is largely protective for sexual transmission of HIV,
this is not necessarily true for transfusion-associated transmission,
as demonstrated by modelling.2* South Africa implemented a uni-
versal ‘test and treat’ strategy in September 2016,22 so early ARV
initiation should now be the norm. With a continued HIV incidence
rate greater than 1%, the number of people treated (early) for HIV
in the country grows annually,” and the risk of non-compliant
blood donation resulting in HIV transmission to a blood recipient

grows along with it.

Failure to disclose HIV+/ARV+ has recently been quantitatively
described in both South Africa®®>?* and the United States.?> Our
group at the South African National Blood Service (SANBS) became
aware of anecdotal reports of undisclosed HIV+/ARV+ among
South African blood donors. Subsequent investigation revealed
detectable ARV in two-thirds of donors who tested HIV antibody pos-
itive but negative by individual donation nucleic acid amplification
testing, a result that suggests viral suppression from antiretroviral
therapy in an HIV-positive person.2® We found that almost 10% of all
HIV-positive donors who donated at SANBS had demonstrable levels
of ARV.?* In the United States, Custer et al.?®> demonstrated undi-
sclosed ARV use among 15% of HIV-positive blood donors and in
0.6% of all first-time male blood donors. To our knowledge, qualitative
studies of this phenomenon are, as yet, non-existent. To further
explore the phenomenon of blood donation by HIV+/ARV+ donors,
we designed a mixed-methods study to explore the motivations asso-
ciated with this behaviour. Here, we report predominantly the find-
ings of the qualitative component.

2 | METHODS

Institutional review board approval was obtained from both SANBS
and the University of Cape Town. This mixed-methods study was con-
ducted at SANBS, a blood service that serves 8 of the 9 provinces in
South Africa and collects approximately 900 000 units of blood from
~450 000 donors. From February to April 2019, eligible, consenting
HIV+/ARV+ donors were invited to complete a survey, administered
through audio computer-assisted structured interview (ACASI) tech-
nology, and an individual, in-depth qualitative interview (‘interview’).
The Social Ecological Model (SEM) provided the conceptual frame-
work for this study. The SEM is frequently used in health
research?®=28 and posits a complex interplay between multiple levels
of influences, human behaviour and health outcomes. A version of the
SEM adapted specifically to deal with HIV risk® guided the develop-
ment of data collection instruments (Figure 1). Specifically, survey
items and interview questions addressed influences at individual,
social, cultural and policy levels, as well as potential donor motivations
entertained by the research team during study conception (e.g. desire
for incentives offered for donation, CD4 or viral load test seeking,
donor belief they had been cured of HIV).

21 | Sampling and recruitment

The 122 HIV-positive donors who tested positive for ARV as part of
the HIV-+/ARV+ prevalence study?* were eligible for enrolment. Eligi-
bility criteria included: being aged 18 years or older, conversant in
English, residing in the accessible areas of the Gauteng, KwaZulu
Natal, Mpumalanga or Eastern Cape Provinces, able to complete data
collection procedures and provide consent. Initial outreach followed
routine SANBS procedures but was performed by trained research

staff with prior experience in HIV counselling and study recruitment.
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FIGURE 1 SEM showing levels and potential
influences on decision by HIV+/ARV+ individuals
to donate blood (adapted from Baral et al. 20132%%)
used as conceptual framework for study
development.

All eligible participants were approached for enrolment and invited to
complete the ACASI and interview. Participants had the option to

consent to either the ACASI or interview or to both procedures.

2.2 | Data collection
The ACASI surveys and interviews were administered in person, at a loca-
tion mutually acceptable to study participants and staff. The survey
instrument included, among other elements, a validated 12-item stigma
scale.?” (Table S1). The scale had four domains, each with three items:
(1) personalised stigma, (2) disclosure concerns, (3) concerns with public
attitudes and (4) negative self-image. All items were answered using a
1-4 point Likert scale, such that higher numbers indicated greater stigma.
The interviews occurred immediately after survey completion,
lasted 45-90 min, and were audio-recorded with participant consent.
These interviews examined the trajectory of HIV testing, diagnosis
and treatment initiation; the impact of HIV; perceptions of HIV trans-
mission risk; perceptions of blood donation and the health care sys-
tem; timing and context of donation; and motivation to donate.
Interview questions were open-ended and designed to produce
detailed narratives through a story-telling approach, with interviewers

probing as needed for full understanding.

2.3 | Data analysis

Survey data were extracted to Excel. Responses from stigma sub-

scales two to four were summed to produce an overall score (subscale

N WiLEY-L

HIV Epidemic Stage: Prevalent
transmission of HIV in population

Policy: National, provincial
government; SANBS

T

Cultural/Community: Norms and
values

T~

Social: Networks; relationships
between people and the
resources necessary to sustain

Individual: Knowledge &
attitudes re: HIV, ARVs,
blood donation/screening

1, which focuses on personalised stigma was of questionable utility
within this sample. As noted by the scale's developers, high levels of
secrecy surrounding serostatus, like those present in our sample, may
negatively affect the reliability of questions on personalised stigmaZ°).
Using subscales two to four, the lowest possible score was 12 and the
highest 36. Scores were averaged (19.1), and then dichotomized into
high (above sample mean) or low (below sample mean) stigma catego-
ries. These categories were used to segment qualitative data and
search for any patterns in motivation related to stigma.

De-identified verbatim transcripts from all interviews were
uploaded to Dedoose (a cross-platform application for analysing quali-
tative and mixed methods data, including text and spreadsheet data)®*
and subjected to thematic analysis.*2 This included inductive, line-by-
line analysis to identify themes that emerge from close reading of the
text, as well as deductive analysis, which focused on pre-identified
themes drawn from the interview guide and relevant academic litera-
ture.®3** A codebook was created following accepted procedures.®®
Data were compared across participant gender and stigma score.>* In
addition, we applied narrative analysis to interviewees' accounts of
their study qualifying donations (SQDs) to better grasp their experi-
ence as a whole.3

All study procedures were approved by the SANBS and Univer-
sity of Cape Town institutional review boards.

3 | RESULTS

Contact details were available for 120 of the 122 potential partici-
pants, 62 (52%) of whom were unreachable (either due to incorrect
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TABLE | Participant demographics, disclosure practices and
stigma scores.

N (median) % (IQR)

Total 25 100
Ethnicity

Black African 23 92

Coloured 2 8
Gender

Female 18 72

Male 7 28
Donor type

First time 17 68

Lapsed 5 20

Repeat 3 12
Age

Median 32 (24-39)
Province

Eastern Cape 2 8

Free State 4 16

Gauteng 10 40

KwaZulu Natal 5 20

Mpumalanga 4 16
Clinic type

Mobile 22 88

Fixed site 3 12
Disclosure practice

Extremely restricted 3 12

Very highly restricted 5 20

Highly restricted 8 32

Moderately restricted 8 32

Least restricted 1 4
Stigma scores

Overall 22 (16-29)

Disclosure concerns 6 (4-9)

Public attitude 7 (3-10)

Self-image 4 (3-6)

Note: Extremely restricted = Disclosed to no one; very highly

restricted = disclosed to one person; highly restricted = disclosed to 2-3
people; moderately restricted = disclosed to >3 people, but not outside
family and friends; least restricted = disclosed to >3 people, including
beyond family and friends.

Abbreviation: IQR, Inter quartile range.

details or not responding to calls); 12 (10%) were ineligible (11 were
not conversant in English); 20 (17%) directly or indirectly refused par-
ticipation; 1 participant enrolled only for the ACASI and was excluded
from this manuscript. Hence, a survey and interview were collected
from the 25 (21%) consenting participants. (Table I) Participants were
predominantly Black African, female, in their 30s, residents of Gau-

teng province, and had donated at a mobile site. Eight donors (32%)

had donated at least one previous donation. Only one-third of partici-
pants had ever disclosed their HIV status to more than three people.
Eleven were classified as perceiving high stigma. Two interviewees
(1101 M and 2202 M) insisted they had not knowingly donated while
HIV-+/ARV+.

Reviewing interviewees' reported motivations for their SQDs, we
grouped responses into three themes: (1) altruism, expressed both as
a general wish to ‘save lives’, and the specific intention of donating so
that blood could be given to other PLWH; (2) a lack of privacy at the
donation location, associated with a fear of status disclosure; and
(3) other reasons. The latter category included disparate but largely
secondary motivations, such as donation to manage a perceived
superabundance of blood, or as a way to confirm HIV status. Here we
focus on the first two themes, as they heavily predominated among
interviewees' responses. Notably, very few accounts suggested any
kind of test-seeking, only one mentioned incentives, and none pro-
vided evidence of interviewees believing they had been cured of HIV.

After stratifying interviewees by stigma scale score, and consider-
ing the narratives in their entirety, we did not find clear differences in
reported motivations. For example, interviewees in both low and high
stigma-perceiving categories mentioned: altruistic motivations,
privacy-related motivations (including highly restricted serostatus dis-
closure practices outside of the donation context), and donating as a
blood management practice. However, when segmenting interviewees
by motivation, those who reported general altruism or privacy con-
cerns as the predominant factor in their donation were evenly split in
their stigma perceptions (2 high vs. 2 low; 5 high vs. 5 low, respec-
tively); while those who reported donating blood for other PLWH
were more likely to be classified as perceiving low stigma (6 low
vs. 2 high). While the overall average stigma score in this data set was
19.2, the averages by motivation were 20.4 for donors concerned
with privacy and 18 for those citing altruism. Given the small sample
size, the above results are offered in a purely descriptive vein.

As the different stories told by these participants unfold largely
along the lines of reported motivations, the following sections seg-
ment interviewees by their concern with altruism or privacy to explore

the thematic findings in depth.

3.1 | Altruism-motivated donors

Overall, altruism was the most commonly reported motivation, men-
tioned by nearly half of the interviewees (N = 12). Frequently framed
as the desire to ‘save lives’, this was reported by interviewees from
Gauteng, Free State and Mpumalanga provinces, men and women
(6 and 6, respectively), and from both stigma categories.

We identified two distinct sub-themes within these accounts.
The first was a general wish to help others (N = 4). Some interviewees
talked about friends or family members having previously needed or
received a transfusion; others reported awareness of the general need
for blood. For instance, one man explained, ‘I wanted to donate blood
because | knew my blood type was the most wanted one’ and that

traffic accidents had caused ‘a need for blood’ (2202 M). A woman
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shared her wish to donate ‘because my mother was sick and they
donated blood for her. So, | thought if | could donate maybe | could
help someone else just like they helped my mother’ (4402 F).

The wish to engage in a more specific form of altruism was
expressed by eight interviewees. They were motivated to donate
blood so that it could be given to a recipient also living with HIV.
Three other interviewees (1103, 4402 and 4403F) explicitly raised the
possibility that a PLWH might donate for other PLWH, although that
was not the primary motivation for their SQD. Talk of donating for
other PLWH often drew on notions of ‘matching’, seeming to equate
serostatus matching with the matching of blood types required for
transfusion. For instance, a male interviewee discussed donating to
help ‘someone else who also has HIV and our blood codes are the
same’ (4406 M). Some interviewees spoke of themselves as being
particularly suitable donors for other PLWH, attributing this to their
overall health, serological indicators, and/or medication adherence.
One interviewee, on ARVs since 2012, said of her blood, ‘I think it is
better than the people who have just found out that they are HIV
positive.... because | am drinking the medications regularly and then
my health is fine. It will help the people who are HIV positive, espe-
cially the ones with low CD4 count’ (3306 F).

Interviewees' certainty about the feasibility of donating for
another PLWH varied, though most were remarkably confident.
Eleven of these 12 interviewees reported having been unaware of the
deferral of PLWH at the time they donated and spoke of feeling con-
fusion or remorse when they learned of their ineligibility. One inter-
viewee had been explicitly told he was not eligible but continued to
believe his donations could help other PLWH. He explained his rea-
soning: ‘Blood is blood, whether infected or not. | still believe it can
help other people in need’ (3305 M). The idea that PLWH would be
ineligible to donate rarely surfaced in interviewees' accounts of the
decision-making that led to their donation, and donating was some-
times framed as a duty: ‘If someone who is HIV-positive needs blood,
... | have to [donate] so that | can help’ (3302 M).

3.2 | Privacy-motivated donors

The other primary factor raised by interviewees as playing a meaning-
ful role in their decision to donate was a lack of privacy. This was
described by over one-third of interviewees (n = 10), across all prov-
inces, and both stigma categories. Nine were female, one male. There
was a mix of eligibility beliefs: some were aware of the deferral for
HIV; others were uncertain or seemed not to have considered this
possibility. In most cases, interviewees reported that when they
encountered the opportunity to donate blood, frequently at school or
workplace blood drives, they were with other people (co-workers,
classmates, friends, romantic partners) to whom they had not planned
to disclose their HIV status. The accounts featured a series of decision
points, all experienced as threatening to interviewees' privacy. The
first involved presenting for donation. Interviewees generally felt
unable to opt-out of attempting to donate without prompting ques-

tions and raising suspicion. The second revolved around discussing HIV
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status or donation eligibility with SANBS staff. Most interviewees
reported there was no private place to have such a conversation
(though some had gone to the donation site with precisely this intent).
The third decision point involved answering the DHQ. Interviewees felt
unable to disclose their HIV status on the DHQ, either due to the
proximity of co-workers and friends, or because they believed the
confidentiality of their answers might be compromised. Overall, in
comparison to narratives shared by altruism-motivated donors, these
stories were more rooted in the donation context itself. They framed
donation as the only safe way out and knowledge of donation eligibil-
ity was, in a practical sense, immaterial.

This is well-illustrated by 1106 F's account. She explained that
SANBS ran a blood drive at her workplace and ‘everyone, most of the
people in the office, they were going to donate...and yah, so | didn't
have much of an excuse as to why | shouldn't go’ (presenting for dona-
tion). She thought that ‘when | get there, | will [be] able to speak,
maybe it will be in private... but it was in the boardroom and you
know they had the beds and stuff so we all just filled in the forms in
one table’ (discussing eligibility). Regarding the screening questions,
she ‘didn't answer them truthfully’ because her co-workers were
close at hand (answering the DHQ). In addition, she observed that
being deferred from donation attracted undue attention to her as the
donor, which was exactly what she was trying to avoid: ‘Everyone
was looking at each other ... it was like a joke because even those
who had iron problems and [were] turned away... people were, like,
talking like, ‘Oh why have [they] been turned away?’ Similar stories
were shared by interviewees who had donated with classmates at
school, a female donor who had donated with a boyfriend, and a
domestic worker taken to donate by her employer.

Though a more private environment might have allowed some of
these donors to reveal their HIV status to SANBS staff, for others,
additional perceived risks would likely still have precluded disclosure.
A total of 1107 M noted that even having a question about HIV status
on the DHQ, ‘is like, a violation of my privacy’. He elaborated, ‘If [the
form] fall on the wrong hands...my name is there, my ID is there, con-
fidentiality is not there’. Thus, in these narratives, fear of inadvertent
HIV status disclosure surfaced in multiple ways, and no interviewee
reported disclosing their status on the DHQ. Most were untroubled
by having withheld this information because they generally reported
confidence that testing done by SANBS would identify their donation
as being HIV-positive. One female repeat donor explained, ‘I know
how it works...the blood they are taking, it is going to go through
these tests... You know hundred percent sure that this blood that | am
giving...is not going to go anywhere, it is not going to be given to any-
one’ (1105 F).

4 | DISCUSSION

Qualitative research with South African HIV+-/ARV+ blood donors
revealed that their primary reported motivations were altruism and
privacy concerns, with no discernable difference by stigma scores.

Among those motivated by altruism, we identified both a general wish
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FIGURE 2

SEM showing levels and influences, including newly
identified influences, on decision by HIV+/ARV+ individuals to
donate blood (Adapted from Baral et al. 2013%8).

to ‘save lives’ and a motivation not previously reported in the litera-
ture: the specific desire to donate for other PLWH. Donors motivated
by privacy concerns shared quite different accounts, highlighting vari-
ous elements in the donation process they felt threatened the confi-
dentiality of their HIV status. Far from offering multiple opportunities
to exit the process, the experience was framed as a series of decision
points in which, in each instance, donation was the only safe option.
In this Section 4, we slot our research findings into an adapted version
of the SEM that grounded our study, discuss the utility of the model,
and offer recommendations for reducing the likelihood of future HIV
+/ARV+ donation.

Despite the similar way altruism and privacy were described by
interviewees (i.e. as ‘the reason’ for their donation), they are different.
Altruistic motivations led interviewees to feel drawn to donate,
whereas privacy concerns led interviewees to feel pushed to donate.
This difference led us to locate these factors in different levels of
the SEM.

We categorised altruistic motivations as an individual-level influ-
ence because they were always constructed as an expression of per-
sonal morality. We recognise, however, that all levels of the model are
interconnected (hence the dotted lines around them in Figure 2). For
example, individual altruistic impulses arise within, but are shaped by
a cultural context that frames altruism as morally good. Similarly, indi-

vidual, altruistic motivations may be influenced by blood service

policies. For example, blood services implement a policy of minimising
the likelihood of TTIs through multiple strategies. One strategy
employed by SANBS is educating potential donors that the blood ser-
vice should not be used as an HIV testing center, yet to date, how-
ever, SANBS has not explicitly disseminated messaging that PLWH
are permanently deferred from donation. Considering the U = U
(undetectable = untransmissible) campaign537 in the media, and suc-
cessful kidney donations from HIV-positive persons with undetectable
HIV viral loads to recipients living with HIV,38 it should not be surpris-
ing that PLWH might consider the same to be possible for blood
donation.

In contrast to individual-level altruism, we classified privacy moti-
vations as a cultural factor. This was because interviewees only raised
privacy concerns about their HIV status (vs. other personal informa-
tion), and linked them to fear of unwanted disclosure given the
reported lack of privacy and confidentiality encountered while donat-
ing. Privacy concerns are therefore best understood as indexing some-
thing beyond individually varying comfort levels: they are reactions to
still-pervasive HIV-related stigma in donor communities. Supporting
this, the privacy-motivated group had higher average stigma scores
than those donating for altruistic reasons (20.4 vs 18.0), though high
and low scores were present in both groups. Furthermore, the over-
whelming majority of donors with privacy concerns were female. This
is of particular importance in a strongly patriarchal South Africa with
its predominantly heterosexual epidemic, which disproportionally
affects younger, economically vulnerable, females.3?4°

The cultural factor of stigma (expressed as privacy concerns)
intersected with a social-level influence on interviewees' decision-
making: HIV+/ARV+ donors often encountered donation opportuni-
ties in the presence of other people to whom they had not disclosed
and did not wish to disclose, their status. These companions exerted
pressure on interviewees' decision-making beyond the cultural influ-
ence of stigma because the imagined potential losses that status dis-
closure might cause were more concrete and had their own social
implications (e.g. loss of a romantic partner, colleagues' esteem).

A further factor added to this complexity: the physical environ-
ment and infrastructure at donation locations, especially mobile blood
drives. Many interviewees noted that elements such as the use of
paper forms and open spaces lacking privacy constituted an obstacle
to disclosure. We created a separate level in the model for such con-
siderations (as done in other ecological work in which the physical

4142) " Since interviewees

environment played an important role
reported experiencing them as highly proximate, but more fixed than
social interactions, we placed this level between social and cultural
levels. It is worth noting that SANBS policy actually stipulates that
screening, even at mobile drives, be conducted in a private environ-
ment. Thus, the lack of privacy, in this case, is a question of implemen-
tation rather than policy per se.

Policy does influence HIV+/ARV+ blood donation, even if not
explicit in the interview data. As mentioned, SANBS's education
efforts, aimed at reducing TTI risk, may influence eligibility percep-
tions and motivations among donors. At a national level, health poli-

cies are catalysts for both the deferral of PLWH from donation and
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the wide availability of ARVs in South Africa. All of the factors dis-
cussed heretofore operate within policy structures that grapple with
the generalised South African HIV epidemic, which leaves significant
proportions of the potential donor pool affected by HIV.*® The need
to balance supply and safety means deferrals of sub-populations per-
ceived to be at-risk for TTI (e.g. men who have sex with men, as had
been done elsewhere), is simply not possible in the South African
context.

We accommodated factors this study found relevant for under-
standing HIV+/ARV+ blood donation in South Africa within the
Social Ecological Model, adapting as necessary (Figure 2). We offer
this as a heuristic upon which we will build (e.g. by incorporating find-
ings related to eligibility beliefs and screening experiences), and that
others may find useful for considering HIV+/ARV+ donation in other
contexts.

This version of the SEM reveals a complex interaction between
individual, social, cultural, and structural/policy factors and multiple
pathways to donations by PLWH who take ARVs. Indeed, the nuances
of the decision-making in interviewees' narratives cannot be ade-
quately grasped, or responded to, without a multi-level model. In par-
ticular, the SEM is helpful in understanding that addressing factors
related to HIV+/ARV+ donation at one level, such as individual moti-
vation to help others, may not eliminate the behaviour, as influences
at other levels (HIV-related stigma and privacy concerns) will still be
operant if measures are not taken to mitigate them. For example,
someone who was initially motivated to donate for other PLWH
might learn this is not possible and no longer wish to donate, but still
feel compelled to if encountering a blood drive at their workplace.
Thus, an ‘altruism-motivated” donor could ‘transform’ into a ‘privacy-
motivated’ donor if blood collection infrastructure/procedures and
HIV-related stigma have not changed. Furthermore, a more private
environment and screening experience might have made a meaningful
difference in the comfort with status disclosure for some HIV+/ARV
+ donors, but others clearly stated little could be done to mitigate the
perceived threat posed by potential status revelation in a broader
context of HIV-related stigma.

The foregoing notwithstanding, we must mention a major conclu-
sion of our analysis and note that reaching it required us to think
beyond the adapted SEM that grounded this study. Adapting a model is
typically seen as an appropriate way to attend to research context.*>**
In this research, adapting the SEM allowed us to focus on HIV risk,
which was both helpful and somewhat obfuscatory. This tailoring
allowed us, for example, to consider the nature of South Africa's HIV
epidemic, but it also led us to implicitly conceptualise ‘HIV+/ARV+
donors’ as unique, rather than prompting us to ask what they might
share with other donors, or how their behaviour might be similar to that
exhibited in other contexts. Despite this, commonalities emerged. For
example, a large group of our interviewees reported altruistic motiva-
tions for donation. Activators for altruism were varied and included
donating because of loved ones, knowledge of blood shortages, and a
moral duty to donate, including specifically for other PLWH. Though
donating for other PLWH is, as far as we know, a novel finding, the

other reasons are indistinguishable from those offered by many donors
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not living with HIV, both in South Africa,*>*® and elsewhere.*” We
came to realise that the expectation that HIV+/ARV+ donors' motiva-
tions would be different derived from assumptions that, in some cases,
were not supported by data (e.g. HIV+/ARV+ donors know they are
ineligible to donate; such donors would not consider their blood helpful
to others). For those donors who donated prior to HIV acquisition, it
makes little sense to expect their donation motivations, post-HIV diag-
nosis, and treatment initiation, to be different than they had been his-
torically, especially given the messaging around ‘U = U’ and HIV being
just ‘another chronic disease’ 3748

In addition, though reports of HIV+/ARV-+ blood donations were
initially surprising, looking beyond the specific context of blood dona-
tion suggests perhaps they should not have been. Non-disclosure of
health information, including HIV status and ARV use, in other medical
settings, is well described. Failure to disclose general medication use,
even upon direct questioning by their clinicians, was reported in up to
15% of patients in the USA.*° Furthermore, non-disclosure of known
HIV status and ARV use have been confirmed in several African

household surveys>>? 52-54

and in HIV and ARV research programs.
ARV denial was reported in as many as one in three participants in a
study validating self-reported ARV use in rural South Africa.>® These
trends should have led us to expect status disclosure in a semi-public
setting to be problematic, even though other HIV+/ARV+ donors
have disclosed their status.>®>” What may warrant more investigation
is the conditions under which some would-be donors living with HIV
do disclose their status.

From the discussions with the participants and the main
themes identified in this study, certain recommendations to limit
HIV+/ARV+ donations emerged. Specifically, these include:
(1) Improve the likelihood that PLWH are aware of their perma-
nent deferral from blood donation, as a way to reduce the potency
of altruism as a motivator. Historical blood donor messaging relat-
ing to HIV centered on the risk of donation during the HIV ‘win-
dow period’ and donation sites not being used as HIV-testing
sites. This should be augmented with clear communication on the
ineligibility of PLWH as blood donors. It is crucial that this be con-
veyed in a manner that will not further stigmatise those living with
the virus. Crafting effective messaging and identifying appropriate
channels for dissemination should be done in collaboration with
PLWH. (2) Develop procedures to assist those who feel unable to
opt-out of donation due to peer pressure and privacy concerns.
These could include systems for donors to confidentially withdraw
their donations directly after donation or providing donors with a
‘palatable’ option to explain their potential deferral to those
observing their donation process. The latter would still require
improved privacy infrastructure conducive to confidential discus-
sion at donation sites. Enforcement and compliance monitoring of
existing privacy policies, especially at often-used facilities need to
be further strengthened.

Our study had several limitations, including the potential for
selection bias. We recruited participants from a relatively small pool
of HIV+/ARV+, English conversant, South African blood donors.
Those who were not interviewed may have had meaningfully different
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experiences that are not represented here. Furthermore, we tried to
reduce potential social desirability bias through assurance of anonym-
ity, personal safety and the use of open-ended questions. While these
measures might not have been entirely successful (two interviewees
refused to acknowledge awareness of HIV+/ARV+ status at the time
of donation), interviewees did recount behaviour often considered
socially undesirable, suggesting they felt sufficiently comfortable at
some level to share such responses.

To our knowledge, this is the first attempt at investigating the moti-
vations driving donations by HIV-+/ARV+ donors. As appropriate for
highly exploratory, qualitative research, we make no claims of exhaus-
tiveness and instead offer the significant convergence of themes we
found around altruism and privacy as a starting point on which to build.
Researchers and professionals should critically consider how these find-
ings may apply in different contexts (national, cultural and types of epi-
demics). We believe our findings may well have utility in other settings,
as HIV is a relatively stigmatised infection globally, blood donation
requires fundamentally similar processes regardless of national context,
and our findings dovetail with those from other research on disclosure

of healthcare information in general.#?~53

5 | CONCLUSION

The phenomenon of blood donation by HIV+/ARV+ has been docu-
mented in two contexts.?>?> Though its global prevalence is
unknown, there is little reason to assume that it is not occurring more
widely. Our research uncovered complex, diverse motivations related
to privacy and altruism leading to HIV+/ARV+ blood donations. The
growing HIV+/ARV+ populations both in South Africa and elsewhere
and the increasing uptake of pre-exposure HIV prophylaxis may well
result in increasing numbers of such donations unless actively man-
aged. To reduce such donations, we need a better understanding of
why they are occurring. Here we have reported only on the main
donor motivations associated with these non-compliant donations,
which is but a small component of this complex phenomenon. We
urge other scholars to assess the occurrence of this phenomenon in
other settings and further elucidate the motivations and contexts

leading or contributing thereto.

AUTHOR CONTRIBUTION

SDH, KvdB, ELM, VJL and GM designedthe research study. KvdB and
SDH performed the research and analysed the data.KvdB and SDH
wrote the paper and ELM, VJL and GM reviewed it.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the willingness of our study par-
ticipants to share their stories with us, the SANBS field staff: Cynthia
Nyoni, Debbie Strydom; Wendy Ntaka and Cecilia Nomsobo for their
commitment to the execution of this study and the SANBS data ana-
lytics staff: Ronel Swanevelder and Tinus Brits without whom none of

this work would be possible.

FUNDING INFORMATION

This work was supported by research contracts from the National
Heart, Lung, and Blood Institute of the National Institutes of Health
(NIH) for the Recipient Epidemiology and Donor Evaluation Study-IlI
International program: HHSN268201100009! (to UCSF and the
South African National Blood Service), HHSN268201100002I (to RTI
International) and HHSN2682011-000011 (to Vitalant Research Insti-
tute); and NIH Fogarty International Center grant D43-TW010345
(to Edward L. Murphy).

CONFLICT OF INTEREST STATEMENT
The authors declare that there is no conflict of interest that could be
perceived as prejudicing the impartiality of the research reported.

REFERENCES

1. Baral S, Logie CH, Grosso A, Wirtz AL, Beyrer C. Modified social eco-
logical model: a tool to guide the assessment of the risks and risk con-
texts of HIV epidemics. BMC Public Health. 2013;13(1):482.

2. World Health Organisation. Action Framework to Advance Universal
Access to Safe, Effective and Quality-Assured Blood Products
2020-2023. World Health Organisation; 2020.

3. World Health Organisation. Availability, safety and quality of blood
products. Sixty-Third World Health Assembly, Resolution WHA6312.
World Health Organisation; 2010.

4. World Health Organisation ROftEM. Strategic Framework for Blood
Safety and Availability 2016-2025. World Health Organisation; 2017.

5. Ward JW. Transfusion-associated (T-A)-AIDS in the United States.
Dev Biol Stand. 1993;81:41-43.

6. Steele WR, Dodd RY, Notari EP, et al. HIV, HCV, and HBV incidence
and residual risk in US blood donors before and after implementation
of the 12-month deferral policy for men who have sex with men.
Transfusion. 2021;61(3):839-850.

7. Statistics South Africa. Mid-Year Population Estimates, 2021. Statistics
South Africa; 2021.

8. Marinda E, Simbayi L, Zuma K, et al. Towards achieving the 90-90-90
HIV targets: results from the south African 2017 national HIV survey.
BMC Public Health. 2020;20(1):1375.

9. Sitas F, Fleming AF, Morris J. Residual risk of transmission of HIV
through blood transfusion in South Africa. Suid-Afrikaanse Tydskrif Vir
Geneeskunde. 1994:;84(3):142-144.

10. Vermeulen M, Lelie N, Coleman C, et al. Assessment of HIV transfu-
sion transmission risk in South Africa: a 10-year analysis following
implementation of individual donation nucleic acid amplification tech-
nology testing and donor demographics eligibility changes. Transfu-
sion. 2019;59(1):267-276.

11. Slot E, Janssen MP, Marijt-van der Kreek T, Zaaijer HL, van de
Laar TJ. Two decades of risk factors and transfusion-transmissible
infections in Dutch blood donors. Transfusion (Philadelphia, PA). 2016;
56(1):203-214.

12. Willson S, Miller K, Seem D, Kuehnert MJ. Cognitive evaluation of
the AABB uniform donor history questionnaire. Transfusion. 2016;
56(6pt2):1662-1667.

13. PreuRel K, Offergeld R. Which infectious blood donors could Be iden-
tified by the donor history questionnaire? - comparison of blood
donors infected with HIV or HCV with notified cases from general
population in Germany. Transfus Med Hemother. 2018;45(2):108-114.

14. Duquesnoy A, Danic B, Santos A, et al. Context and social percep-
tions of blood donation in donors found positive for human immuno-
deficiency virus in France. Transfusion (Philadelphia, PA). 2017;57(9):
2240-2247.

85US017 SUOWWIOD 8AITID) 8|qeo! [dde auy Aq peueAob ke ejole YO ‘88N JO S9INJ 10} Akeuq i 8Ul|UO A8|IA UO (SUONIPUOD-PUR-SLLIBYWIOD™AB| 1M AlRIq U1 |UO//SdNY) SUORIPUOD PUe SWie | 8U188S *[5202/20/2Z] Uo ARiqiauljuo A8|IM B1seuopu| Aoid BN AQ ZG62T SW/TTTT OT/I0p/woo A3 |1m AReid1|Buluo//sdny wouy pepeojumod ‘v ‘€202 ‘8 TESIET



van den BERG ET AL.

t-"4 | TRANSFUSION

WILEY_| 2

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

O'Brien SF, Xi G, Yi Q-L, Goldman M. Understanding non-disclosure
of deferrable risk: a study of blood donors with a history of intrave-
nous drug use. Transfus Med. 2010;20(1):15-21.

Lucky TTA, Seed CR, Waller D, et al. Understanding noncompliance
with selective donor deferral criteria for high-risk behaviors in
Australian blood donors. Transfusion (Philadelphia, PA). 2014;54(7):
1739-1749.

Sachdev S, Mittal K, Patidar G, et al. Risk factors for transfusion trans-
missible infections elicited on post donation counselling in blood
donors: need to strengthen pre-donation counselling. Indian J Hema-
tol Blood Transfus. 2015;31(3):378-384.

Hare CB, Pappalardo BL, Busch MP, et al. Seroreversion in subjects
receiving antiretroviral therapy during acute/early HIV infection. Clin
Infect Dis. 2006;42(5):700-708.

Cohen MS, Chen YQ, McCauley M, et al. Prevention of HIV-1 infec-
tion with early antiretroviral therapy. N Engl J Med. 2011;365(6):
493-505.

de Souza MS, Pinyakorn S, Akapirat S, et al. Initiation of antiretroviral
therapy during acute HIV-1 infection leads to a high rate of nonreac-
tive HIV serology. Clin Infect Dis. 2016;63(4):555-561. doi:10.1093/
cid/ciw365

Vermeulen M, Coleman C, Mitchel J, et al. Comparison of human
immunodeficiency virus assays in window phase and elite controller
samples: viral load distribution and implications for transmission risk.
Transfusion. 2013;53(10pt2):2384-2398.

Pillay Y, Pillay A. Implementation of the Universal Test and Treat Strat-
egy for HIV Positive Patients and Differentiated Care for Stable Patients.
National Department of Health SA; 2016.

Sykes W, van den Berg K, Jacobs G, et al. Discovery of "false
elite controllers": HIV antibody-positive RNA-negative blood
donors found to be on antiretroviral treatment. J Infect Dis.
2019;220(4):643-647.

van den Berg K, Vermeulen M, Louw VJ, Murphy EL, Maartens G.
Undisclosed HIV status and antiretroviral therapy use among South
African blood donors. Transfusion. 2021;61(8):2392-2400.

Custer B, Quiner C, Haaland R, et al. HIV antiretroviral therapy and
prevention use in US blood donors: a new blood safety concern.
Blood. 2020;136(11):1351-1358.

Gombachika BC, Fjeld H, Chirwa E, Sundby J, Malata A,
Maluwa A. A social ecological approach to exploring barriers
to accessing sexual and reproductive health services among
couples living with HIV in southern Malawi. ISRN. Public
Health. 2012;2012:13.

van der Straten A, Stadler J, Montgomery E, et al. Women's expe-
riences with Oral and vaginal pre-exposure prophylaxis: the
VOICE-C qualitative study in Johannesburg, South Africa. PLoS
One. 2014;9(2):e89118.

MacLean R. Impacting attitudes and values: reducing stigma and dis-
crimination and improving STBBI prevention. Paper presented at:
Canadian Public Health Association Sex and Stigma Matters Confer-
ence. Winnipeg, Canada; 2015.

Reinius M, Wettergren L, Wiklander M, Svedhem V, Ekstrom AM,
Eriksson LE. Development of a 12-item short version of the HIV
stigma scale. Health Qual Life Outcomes. 2017;15(1):115.

Lindberg MH, Wettergren L, Wiklander M, Svedhem-Johansson V,
Eriksson LE. Psychometric evaluation of the HIV stigma scale in a
Swedish context. PLoS One. 2014;9(12):e114867.

Dedoose. 9.0.17 ed. Web Application for Managing, Analyzing, and Pre-
senting Qualitative and Mixed Method Research Data. SocioCultural
Research Consultants, LLC; 2021.

Bernard HR. Research Methods in Anthropology: Qualitative and Quan-
titative Approaches. 4th ed. AltaMira Press; 2006.

Ryan GW, Bernard HR. Techniques to identify themes. Field Methods.
2003;15:85-109.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

| MEDICINE

Bernard HR, Ryan GW. Analyzing Qualitative Data: Systematic
Approaches. SAGE Publications, Inc.; 2010.

MacQueen KM, McLellan E, Kay K, Milstein B. Codebook develop-
ment for team-based qualitative analysis. Cultural Anthropol Methods.
1998;10(2):31-36.

Mattingly C, Garro LC, eds. Narrative and the Cultural Construction of
lliness and Healing. University of California Press; 2001.

Okoli C, Van de Velde N, Richman B, et al. Undetectable equals
untransmittable (U = U): awareness and associations with health out-
comes among people living with HIV in 25 countries. Sex Transm
Infect. 2021;97(1):18-26.

Werbel WA, Durand CM. Solid organ transplantation in HIV-infected
recipients: history, Progress, and Frontiers. Curr HIV/AIDS Rep. 2019;
16(3):191-203.

Jewkes RK, Dunkle K, Nduna M, Shai N. Intimate partner violence,
relationship power inequity, and incidence of HIV infection in young
women in South Africa: a cohort study. Lancet. 2010;376(9734):41-48.
Statistics South Africa. Mid-Year Population Estimates, 2020. Statistics
South Africa; 2020.

Mama SK, Diamond PM, McCurdy SA, Evans AE, McNeill LH, Lee RE.
Individual, social and environmental correlates of physical activity in
overweight and obese African American and Hispanic women: a
structural equation model analysis. Prev Med Rep. 2015;2:57-64.
Essiet IA, Baharom A, Shahar HK, Uzochukwu B. Application of the
socio-ecological model to predict physical activity behaviour among
Nigerian university students. Pan Afr Med J. 2017;26:110.

McLeroy KR, Bibeau D, Steckler A, Glanz K. An ecological perspective
on health promotion programs. Health Educ Q. 1988;15(4):351-377.
Krieger N. Epidemiology and the web of causation: has anyone seen
the spider? Soc Sci Med. 1982;39(7):887-903.

Muthivhi TN, Olmsted MG, Park H, et al. Motivators and deterrents to
blood donation among black south Africans: a qualitative analysis of
focus group data. Transfus Med (Oxford, England). 2015;25(4):249-258.
Swanevelder R, Reddy R, Chowdhury D, et al. Using a motivator and
deterrent questionnaire to predict actual donation return behavior
among first-time African-origin blood donors. Transfusion. 2019;59(9):
2885-2892.

Bednall TC, Bove LL. Donating blood: a meta-analytic review of self-
reported motivators and deterrents. Transfus Med Rev. 2011;25(4):
317-334.

Hughes SD. HIV Serodiscordant couples and the discourse of normal-
ity: reconciling the biomedical and the social in Porto Alegre, Brazil.
In: Persson A, Hughes SD, eds. Cross-Cultural Perspectives on Couples
with Mixed HIV Status: beyond Positive/Negative. Springer Interna-
tional Publishing; 2017:55-69.

Levy A, Scherer AM, Zikmund-Fisher BJ, Larkin K, Barnes GD,
Fagerlin A. Prevalence of and factors associated with patient nondi-
sclosure of medically relevant information to clinicians. JAMA Netw
Open. 2018;1(7):e185293.

Kim AA, Mukui |, Young PW, et al. Undisclosed HIV infection and
antiretroviral therapy use in the Kenya AIDS indicator survey 2012:
relevance to national targets for HIV diagnosis and treatment. AIDS.
2016;30(17):2685-2695.

Dietrich C, Moyo S, Briggs-Hagen M, et al. Sensitivity and Specificity of
Self-Reported ARV Use in a South African National Household Survey.
AIDS Impact; 2019.

Fogel JM, Wang L, Parsons TL, et al. Undisclosed antiretroviral drug
use in a multinational clinical trial (HIV prevention trials network 052).
J Infect Dis. 2013;208(10):1624-1628.

Moyo MS, Gaseitsiwe KS, Powis EK, et al. Undisclosed antiretroviral
drug use in Botswana: implication for national estimates. AIDS. 2018;
32(11):1543-1546.

Fogel JM, Sandfort T, Zhang Y, et al. Accuracy of self-reported HIV
status among African men and transgender women who have sex

85US017 SUOWWIOD 8AITID) 8|qeo! [dde auy Aq peueAob ke ejole YO ‘88N JO S9INJ 10} Akeuq i 8Ul|UO A8|IA UO (SUONIPUOD-PUR-SLLIBYWIOD™AB| 1M AlRIq U1 |UO//SdNY) SUORIPUOD PUe SWie | 8U188S *[5202/20/2Z] Uo ARiqiauljuo A8|IM B1seuopu| Aoid BN AQ ZG62T SW/TTTT OT/I0p/woo A3 |1m AReid1|Buluo//sdny wouy pepeojumod ‘v ‘€202 ‘8 TESIET


info:doi/10.1093/cid/ciw365
info:doi/10.1093/cid/ciw365

286 b4 1 TRANSFUSION
= | WiLEY-"%} i
55.

56.

57.

van den BERG ET AL.

with men who were screened for participation in a research study:
HPTN 075. AIDS Behav. 2019;23(1):289-294.

Manne-Goehler J, Rohr J, Montana L, et al. ART denial:
results of a home-based study to validate self-reported antire-
troviral use in rural South Africa. AIDS Behav. 2019;23(8):
2072-2078.

Glatt TN, Swanevelder R, Prithvi Raj S, Mitchel J, van den Berg K.
Donor deferral and return patterns - a South African perspective.
ISBT Science Series.

Rapodile T, Mitchel J, Swanevelder R, Murphy EL, van den Berg K.
Re-engineering the medical assessment of blood donors in
South Africa: the balance between supply and safety. Transfusion.
2021;61:3361-3371.

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: van den Berg K, Murphy EL, Louw VJ,
Maartens G, Hughes SD. Motivations for blood donation by
HIV-positive individuals on antiretrovirals in South Africa: A
qualitative study. Transfusion Medicine. 2023;33(4):277-286.
doi:10.1111/tme.12957

85U8017 SUOLULLIOD BATE81D 3(dedl|dde ayy Aq peusencb a.e s9olle O ‘8sN Jo sejni Joj AIq1 8UIUQ A8]IM UO (SUORIPUOD-PUR-SWLBIAL0D" AB | IMARe.q1|Bu[UO//SANY) SUONIPUOD PUe SWLB | 8L 88S *[5202/20/22] Uo A%eid18uluO A8|IM eSsuopu| A0id 1N Aq ZG6ZT9WYTTTT 0T/I0p/wW0d A8 |im Afelq1jeuljuo//Sdny Wwolj pepeoumoq ‘v ‘€202 ‘8rTESIET


info:doi/10.1111/tme.12957

Received: 10 May 2022

| Revised: 16 April 2022

W) Check for updates

Accepted: 26 July 2022

DOI: 10.1111/tme. 12904

SHORT COMMUNICATION

-4 | TRANSFUSION
S WILEY

Emergency red cell exchange for the management of acute
complications in sickle cell disease: Automated versus

manual

Diana Mihalca 2 | Adeel Ahmad ! | Dipal Mehta! | Dorothy Kyeyune 2 | Susan

Acana Elaborot ? | Dimitris A. Tsitsikas

1Academic Department of Trauma &
Orthopaedics, School of Medicine, University
of Leeds, Leeds, UK

2| eeds Institute of Rheumatic and
Musculoskeletal Medicine, University of Leeds,
Leeds, UK

3Leeds Orthopaedic & Trauma Sciences, Leeds
General Infirmary, University of Leeds,
Leeds, UK

4Leeds Institute of Health Sciences, University
of Leeds, Leeds, UK

5NIHR Leeds Biomedical Research Unit,
Chapel Allerton Hospital, Leeds, UK

Correspondence

Michalis Panteli, Academic Department of
Trauma & Orthopaedics, School of Medicine,
University of Leeds, Clarendon Wing, Level D,
Great George Street, Leeds LS1 3EX, West
Yorkshire, UK.

Email: di.ts@doctors.org.uk

1 | INTRODUCTION

The incidence of hip fractures continues to increase, along with the
global expansion of aging population observed secondary to improved

Abstract

Background

Red blood cell exchange is the cornerstone of the management for acute
complications of sickle cell disease. It improves anaemia and improvesperipheral
tissue oxygen delivery while at the same time reduces the proportion of circulating
sickle erythrocytes. Even though automated red cell exchange is very effective in
rapidly lowering the Hb S level, 24-h availability is currently not feasible for most
specialist centres including our own.

Methods

Eighty-six such episodes have been recorded between June 2011 and June 2022
comprising of 68 episodes of automated and 18 episodes of manual red cell
exchange.

Results

The post procedure Hb S/S+C level was 18% after automated and 36% after
manual red cell exchange. The platelet count dropped by 41% and 21% after
automated and manual red cell exchange respectively. The clinical outcomes
including need for organ support, duration of stay in the intensive care units.

Conclusion
In our experience, manual red cell exchange is a safe and effective alternative to
an automated procedure that can be used while specialist centres are building up
their capacity to offer automated red cell exchange for all patients requiring the
intervention.

KEYWORDS
KAP, Blood, Transfusion, Donor, Medecine

healthcare and quality of life.! Subtrochanteric fractures are defined as
fractures encountered between the inferior border of lesser tro-
chanter and 5 cm distal to it.2 They represent a complex subset of
injuries surrounding the hip, which are most commonly managed with
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have long been the standard method to assess iron status. However,
haemoglobin levels can remain sufficient for some time, even when
iron stores are dwindling; this is known as iron deficiency non-
anaemia.!

In contrast to haemoglobin, serum ferritin levels reflect the
amount of stored iron. Therefore, they are increasingly used to
assess individuals' iron stores when these are at risk, for instance after
traumatic blood loss, during pregnancy, or in blood donors.® Sanquin,
the national blood service in the Netherlands, started measuring ferri-
tin levels in each new donor, and subsequently after every fifth dona-
tion, in October 2017. Donating blood has a substantial impact on
ferritin levels. Ferritin levels are lower among blood donors than in
the general population: cross-sectional studies report lower ferritin
levels in donors with a higher number of whole blood donations and a
large randomised trial showed that ferritin levels indeed decline with
more frequent blood donations.*> Among new donors, large variation
in ferritin levels is observed.* It is well established that individual char-
acteristics such as sex and age are relevant: women in general, but
pre-menopausal women in particular, have considerably lower ferritin
levels than men.*®” Higher body mass index (BMI) is associated with
higher ferritin levels.® In recent decades, many other factors that
affect iron status have been identified: diet,”'° genetics,**''?
ethnicity,*® and iron supplementation, which is mostly studied among
blood donors.2#%

Ferritin is also a known acute-phase protein that is elevated in
inflammatory conditions, complicating its diagnostic value in individ-
uals with conditions such as inflammatory bowel disease or chronic
heart failure.*® This could also explain the association between BMI
and ferritin levels, as adipose tissue is known to promote systemic
inflammation.>” Additionally, exposure to environmental pollutants

1819 and ambient par-

has been linked to disordered iron homeostasis,
ticle matter (PM) concentration is correlated with ferritin levels.r” The
biological mechanism behind this is still unclear, but it is postulated
that iron attaches to the PM rather than to cell nuclei, effectively cre-
ating a functional deficiency.*®? In turn, mechanisms start upregulat-
ing iron uptake and recycling in an attempt to meet the iron
requirement of the cells, thereby altering iron homeostasis. Another
suggested mechanism is that when pollutants enter the lungs, iron is
transported away from the surface of the lung tissue and stored in
ferritin complexes, in order to avoid chemical reactions between iron
and the pollutant.*® Other potential environmental determinants are
neighbourhood characteristics, including population density and
socio-economic status, which are consistently shown to be related to

t2° and blood parameters.??

body weigh

Previous studies on ferritin levels have focused on studying the
association with variables in a limited setting, for example, characteris-
tics such as age and BMI, donation-related variables, or environmental
pollutants. In this paper, we propose a novel framework that inte-
grates multiple settings, using a structural equation model. By group-
ing relevant explanatory variables into constructs, we describe
relationships with ferritin on a more general level. This enhances the
insight into various mechanisms that influence ferritin levels, which is

valuable to those who use these as a diagnostic tool. We explore

associations between ferritin levels and individual characteristics,
donation behaviour and environmental factors, in a large group of

newly registered and active whole blood donors.

2 | METHODS

For this cross-sectional study, data collected by Sanquin and the
Geoscience and health cohort consortium (GECCO) were analysed.
Sanquin is by law the only blood service in the Netherlands, collect-
ing over 400 000 whole-blood donations each year, with collection
sites geographically well-distributed throughout the country. Several
eligibility criteria exist to ensure the safety of the donors and recipi-
ents and the quality of the blood product. Donors must be aged
between 18 and 79 years old, and a pre-donation screening visit
takes place before the first 500 ml whole blood donation, which
includes blood sampling for blood type and infectious disease test-
ing, as well as initial haemoglobin and ferritin measurements. We
will refer to these prospective donors, who have not donated yet,
as ‘new donors’.

Before every donation, a donor screening is performed, including
a donor health questionnaire and measurements of blood pressure,
pulse rate and haemoglobin levels to assess whether the donor is eligi-
ble to donate. Haemoglobin levels need to be at least 7.8 mmol/L for
women and 8.4 mmol/L for men. This is measured by point-of-care
testing with a photometer (HemoCue, Angelholm, Sweden). Ferritin
levels, are measured in serum samples, using the Architect i2000
(Abbott Diagnostics, Chicago, IL), after the pre-donation screening
visit and after every fifth whole blood donation. As such, ferritin mea-
surements are only available in case of successful whole blood dona-
tions, and for new donors whose venous samples are taken as part of

the pre-donation screening visit.

21 | Data

This study included all new and active whole blood donors who gave
consent to the use of their data for scientific research (consent given
by >99% of all donors) and for whom ferritin measurements were
available between 1 October 2017 and 31 December 2019. If multiple
ferritin measurements were available for a donor, only the first mea-
surement was used. Information on donors and donation histories
was extracted from the blood bank information system (ePROGESA,
MAK-SYSTEM International Group, Paris, France). Variables used
were sex, age, height, weight, time since previous successful donation,
the number of successful donations in the previous 2 years, donor sta-
tus (new or active donor), and ferritin levels. BMI was calculated from
self-reported donor height and weight. Sanquin does not register
donor ethnicity, but Duffy negative phenotype was included to func-
tion as a proxy for sub-Saharan African descent.

Environmental exposure variables of various characteristics were
obtained from the Geoscience and health cohort consortium

(GECCO).22 The exposure data were operationalised based on publicly
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TABLE 1  Grouping of variables into constructs for each model
Variable Model A Model B
Age Individual characteristics
Weight
Height
BMI

Duffy phenotype

Time since previous donation? Donation history

Number of previous donations®
Population density Environment
Temperature

Socio-economic status

Ozone Pollution
PM2.5

PM10

Soot

NO,

Individual characteristics

Environment

- WiLE Y-

Model C Model D

Individual characteristics Individual characteristics

Donation history

Environment Environment

Pollution

Note: All models contain the same observed variables but differ in how these are grouped into latent constructs.

#Only available for active donors.

available data. Data from 30 weather stations in the Netherlands—
obtained from the Royal Netherlands Meteorological Institute
(KNMI)—were used to estimate temperature at a spatial resolution of
1 km. Three options for the measurement level were considered (mini-
mum, average, and maximum daily temperature), as well as three time
spans (day, week or month before donation), resulting in nine options
in total. The combination that showed the highest correlation with
ferritin was included in the final model.

Daily concentrations for particulate matter (PM) 2.5, PM10, NO,,
ozone and soot levels were obtained via the Dutch National Institute
for Public Health and the Environment (RIVM), for the vyears
2017-2019. These variables were imputed on a spatial resolution of
1 by 1 km. Neighbourhood socio-economic status (SES) scores and
population density from 2017-2019 were acquired from Statistics
Netherlands (CBS), both available on 6-digit postal code level. SES
scores are based on percentiles of income, education level and voca-
tional history of households, with a score of O being exactly the
national average, and positive scores being above average. All spatio-
temporal variables were matched with donor and donation data based
on donation date and donor postal code. Lastly, the date and time of
each donation were included as potential factors to account for sea-
sonal and diurnal variation, as they are known to affect haemoglobin
levels and may also affect ferritin levels.

To check for a possible confounding effect of smoking on envi-
ronmental variables, we analysed the correlation between the per-
centage of smokers per municipality (data from Statistics Netherlands)
and all environmental variables described in the above paragraph.

There were no missing data for environmental datasets from the
RIVM and CBS. Donors with no ferritin measurement were excluded
from the analysis. There were no missing data for the other donor or

donation level variables.

2.2 | Statistical analysis
Structural equation modelling (SEM) was used to investigate which vari-
ables relate to serum ferritin and to what extent. Briefly, observed vari-
ables and latent constructs are distinguished in SEM. Latent constructs
cannot be measured or observed directly, but are inferred from the
observed variables. One or more hypothesized sets of relationships and
correlations between variables and constructs are specified a priori and
shown in a path diagram. For each relationship, a parameter is esti-
mated that indicates its strength. Estimates are obtained by numeric
optimization of a fit criterion, using maximum likelihood estimation.
A more detailed overview of this method is provided in Appendix A.

We compared four ways to divide the 15 variables included in the
analysis into latent constructs, as shown in Table 1. Date and time of
the donation were added to the model separate of the constructs, and
as such are not included in Table 1. Model A contains four latent con-
structs, and in models B, C and D different sets of constructs are com-
bined. Confirmatory factor analysis (CFA) was used to test the validity
of the specified measurement models, that is, the hypothesized rela-
tionships between the latent constructs and their observed variables.
The overall fit of the models was assessed by the Tucker-Lewis Index
(TLI) and the root mean square error of approximation (RMSEA).
A rule of thumb is to exclude variables for which the absolute value of
the standardised factor loading is below 0.4, but at sample sizes larger
than 300, if the overall model fit is good, exclusion is not necessary
and should be judged separately for each variable based on sensible
background knowledge.?®

Pairwise residual correlations between observed variables were
calculated to identify whether any covariances needed to be added to
the model. Of the four specified models, we continued our analysis
with the best fit according to CFA, based on the TLI and RMSEA.
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TABLE 2 Distribution of explanatory variables by donor status and sex

N

Age (years)

Height (cm)

Weight (kg)

BMI (kg/m?)

Time since previous donation (days)
Number of previous donations®
Population density (inhabitants per km?)
Duffy phenotype (proportion)
Temperature (°C)°

Socio-economic status

Ozone (pg/m?3)

PM2.5 (pg/m°)

PM10 (pg/m°)

Soot (pg/m3)

NO; (pg/m°)

1173 (425-2617)
0.25

11.4 (6.4-16.6)
0.04 (-0.21 to 0.22)
46.9 (45.6-48.8)
10.7 (9.7-11.6)
18.2(16.8-19.3)
0.66 (0.54-0.78)
17.6 (14.9-21.6)

1246 (477-2936)
0.17

11.7 (6.6-16.7)
0.02 (—0.24 to 0.22)
46.8 (45.5-48.7)
10.7 (9.8-11.6)

18.2 (16.9-19.3)
0.66 (0.55-0.78)
17.8 (15.1-21.8)

827 (322-1855)
0.28

10.4 (6.0-16.0)
0.10 (—0.10 to 0.25)
47.2 (45.9-49.2)
10.5(9.6-11.5)

0.63 (0.52-0.75)
16.8 (14.2-19.7)

New donors Active donors

Women Men Women Men

40 172 19 424 39 085 39 233
26 (21-37) 28 (23-37) 47 (31-58) 53(39-62)
170 (166-175) 183 (178-188) 170 (166-175) 183 (178-188)
68 (62-77) 82 (74-90) 0 (64-80) 85 (78-93)
24 (21-26) 24 (22-27) 24 (22-27) 25(23-27)
NA NA 154 (132-217) 139 (71-147)
NA NA 3(2-4) 5(4-7)

(

814 (320-1824)
0.16

10.4 (5.9-16.0)
0.12 (—0.07 to 0.26)
47.2 (45.9-49.1)
10.6 (9.7-11.6)
18.0(16.7-19.1)
0.65 (0.54-0.76)
16.9 (14.3-19.6)

Ferritin (ng/ml) 47 (28-75)

118 (79-170)

(
(-
(
(
18.0 (16.6-19.0)
(
(
30(

0 (17-47) 34 (20-56)

Note: Data are presented as medians (interquartile range) due to non-normal distributions of the variables.

AWithin 2 years before the ferritin measurement.
bThe maximum temperature recorded on the day of donation.

To the model with the best fit, we added the structural compo-
nent, which contains the relationships between the latent variables
and ferritin, the outcome variable. A multiple group SEM was carried
out with parameters estimated separately for male and female donors,
and for new and active donors. Because the assumption of normality
of the explanatory variables does not hold in our data, a different esti-
mator than the default maximum likelihood estimator was used: the
‘mean and covariance adjusted weighted least squares estimator’,
which is robust against violations of the normality assumptions in a
multivariate setting.?*

The same model was fitted in all four groups, although the vari-
ables belonging to the donation history construct (see Table 1) are not
available for new donors, as they do not (yet) have a donation history.
The overall fit of the SEM model was assessed using the TLI and
RMSEA, as well as the R? measure.

All analyses were conducted using R programming language and
environment for statistical computing version 4.0.3,> with package

26 for pre-processing environmental data, and lavaan®” for CFA and
SEM analyses. Path diagrams were created with yEd Live Graph Editor.?®

3 | RESULTS
3.1 | Sample composition

Table 2 shows descriptive statistics of the study population by sex

and donor status. The size of each of the groups was comparable,

except for the group of new male donors, which was only half the
size of the other groups. Between new and active donors, age dif-
fered considerably, new donors being younger than active donors
by 17 years on average (p < 0.001 using a two-sample t-test). In
both new and active donors, men were older (by 6 years on aver-
age, p <0.001) and heavier (by 13 kg on average, p < 0.001) than
women. p-values were obtained using two-sample t-tests. The time
since last donation is higher in women than in men, and the number
of prior donations is higher in men than in women. These differ-
ences are due to differences in the minimum required donation
interval: for women, there must be 122 days between two dona-
tions with a maximum of 3 donations per year, while for men, the
minimum is 57 days between two donations with a maximum of
5 donations per year. Differences in ferritin levels between the
groups are as expected from previous studies: men have higher fer-
ritin levels than women, and repeat donors have lower ferritin levels
than new donors.

For pollution and environmental variables, there was little differ-
ence between the groups, any differences between new and active
donors were most likely due to the different age and geographical dis-
tribution of the groups. None of these differences were statistically
significant.

We found a weak correlation between the percentage of smokers
and SES score (Pearson's r = —0.4) and a moderate correlation
between the percentage of smokers and population density
(Pearson's r = 0.5). No correlation was found for any of the other

environmental variables.
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3.2 | Model selection

CFA did not provide support for the environment construct as defined
by the three variables temperature, population density and socio-
economic status. These variables did not share a high proportion of
their variance and consequently there was no convergent validity,
effectively ruling out models A and C. In models B and D, variables
Duffy phenotype, temperature, SES and height were omitted due to
very low factor loadings (<0.05). The factor loading for variable age
was also low (0.35) but this variable was not excluded, as it is
expected that this factor loading would be small, considering the other
variables in the construct (weight and BMI) are much more closely
related. All other factor loadings were above the suggested threshold
of 0.6. All latent constructs (individual characteristics, donation history
and environment) showed convergent and discriminant validity in
models B and D. Variables time and day of year, which were added to
the model outside the constructs, were also dropped due to very low
factor loadings (<0.05).

The presence of a donation history construct was the only differ-
ence between models B and D, and since new donors do not yet have
a donation history, the models only differed for active donors. Model
B had a TLI of 0.961 and RMSEA of 0.063, while model D had a TLI of
0.932 and RMSEA of 0.083. Based on these fit measures, model B fit
the data best, and was therefore used in the remainder of the
analyses.

Based on inspection of the pairwise residual correlations
between all observed variables, two covariance terms were added to
the model: one for PM2.5 and PM10 (residual correlation 0.092-
0.102, depending on sex/donor status), and one for age and popula-
tion density (residual correlation —0.151 to —0.149, depending on
sex/donor status). We also added one covariance term for weight
and BMI, as BMI was calculated using weight and was therefore

inherently dependent.

3.3 | Parameter estimates
Figure 1 shows the structure of the final model and the parameter
estimates for new donors. Parameter estimates were similar for both
sexes, but factor loadings for variables belonging to the individual
characteristics construct were higher for women than for men, indicat-
ing more shared variance. Factor loadings in the environment construct
did not differ between sexes, showing that the covariance structure
of those variables was not dependent on sex. The parameter esti-
mates for the regression coefficients show the relative importance of
each latent construct for the outcome variable. Table 3 shows the per-
centage of variance in ferritin levels that is explained by each con-
struct for each model, adding up to the total percentage of variance
explained.

Figure 2 shows the final model for active donors. As in new
donors, factor loadings in the individual characteristics construct
were higher for women than for men, and they were also higher

for new donors than for active donors. The relative importance
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FIGURE 1 Final structural equation model for ferritin

determinants in new donors, with parameters estimated separately
for men and women. All parameter estimates are standardised so that
the variance of each observed variable and latent construct equals 1

TABLE 3 Relative contribution to explanation of variance of
ferritin levels per model

New donors Active donors
Construct Women Men Women Men
Individual characteristics 23% 23%  20% 17%
Donation history NA NA 14% 25%
Environment 2% 2% 5% 4%
Total % of variance explained  25% 25%  39% 46%

of individual characteristics and donation history was opposite for
both sexes: for men, donation history was correlated with ferritin
levels more strongly than individual characteristics (0.66 vs. 0.45),
while this was reversed for women (0.43 vs. 0.61). The regres-
sion coefficient of the environment construct is 0.15 for women
and 0.10 for men. The environment construct explains twice as
much variation in ferritin levels in active donors as in new
donors.

As for overall model fit, with a TLI of 0.981 and 0.979 and
RMSEA of 0.052 and 0.042, for new and active donors respectively,
both models fit very well when compared to commonly used thresh-
olds (TLI > 0.95, RMSEA < 0.06).2° R? was calculated separately by
sex: for new donors, R? was 0.251 for men and 0.252 for women, and

for active donors, 0.458 for men and 0.393 for women.
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4 | DISCUSSION

This study investigated the impact of individual and environmental
determinants on ferritin levels in Dutch individuals, using SEM. The
model was able to explain 25% of ferritin level variance in new donors
for both sexes, and 46% and 39% in active donors for male and female
donors, respectively.

We found the construct composed of individual characteristics
(age, weight, and BMI) to be the most important determinant of ferri-
tin in female active donors, followed by donation history (time since
previous donation, number of donations in the past 2 years). For male
active donors, this was the opposite: donation history was a more
important determinant than individual characteristics. In both sexes,
environmental factors are associated with ferritin levels, albeit to a
lesser degree than individual characteristics and donation history.

The relationship between ferritin levels and anthropometric char-
acteristics is well-documented, and the positive correlations we found
for ferritin with age, weight and BMI are consistent with those found
in other studies.**>3° Men have much higher ferritin levels than
women in general and show a larger decrease in ferritin levels after
repeated donations. As a result, ferritin levels in active donors are sim-
ilarly low for women and men.* The donation history construct
explained more variance in ferritin levels in men than in women.
Although often not explicitly mentioned, this discrepancy is also found
in previous studies, with stronger relationships between variables

regarding donation history and ferritin for men than for women.*®

A reasonable explanation for this is that men commonly display more
variation in donation history variables due to the possibility of more
frequent donations: in many blood services, men are allowed to
donate more often than women and are usually less frequently
deferred for low haemoglobin levels.3!

From previous epidemiological studies, we know that environ-
mental factors may play a role in iron metabolism, and that certain
pollutants can disrupt iron homeostasis.>> Our study shows that
although environmental factors are less strongly associated with ferri-
tin levels than individual characteristics and donation history, their
effects are far from negligible. Because of the wide reach of environ-
mental exposures over geographic areas, even a relatively small influ-
ence on individuals can result in a large effect on the population level.
As this study includes only data from the Netherlands, which is a rela-
tively small country, associations between environmental variables
and ferritin levels were not very strong, as was expected. Repeating
this study on a larger, or even global, scale may result in finding a
more substantial effect.

Higher values for all but one environmental factor (ozone) were
positively correlated with higher ferritin levels. These findings support
the hypothesis that air pollution causes higher ferritin levels. The under-
lying mechanism may be that when certain pollutants enter the lungs,
iron is transported away from the lung tissue surface and stored in fer-
ritin complexes to avoid chemical reactions between iron and the pol-
lutant.*®32 This would imply that using serum ferritin as a proxy for

total body iron is less reliable when there is significant air pollution.
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The environment construct was more strongly associated with fer-
ritin level in active donors than in new donors. In new donors, envi-
ronmental factors explain 2% of variance in ferritin levels, while in
active donors this increases to 4%-5% depending on sex. This indi-
cates that environmental factors are more important for ferritin recov-
ery after blood loss than for naive ferritin level. A plausible
explanation for this difference is that since both exposure to air pollu-
tion and donating blood causes significant disruptions to iron homeo-
stasis, these disruptions may interact and together have a larger effect
than simply additive.

SEM is a technique well-suited to test hypotheses on how differ-
ent factors interact and correlate with a specific outcome like ferritin
levels, especially when there are many factors to consider. Compared
to multiple (linear) regression, more complex models can be tested,
and for each variable measurement error is taken into account.>*
Moreover, the percentage of variance explained by groups of related
variables can be calculated and compared. The stratified approach in
this study also adds to the model validity: parameter estimates can be
compared across groups, allowing discovery of implausible results.
Our analyses show that the convergent validity of the individual char-
acteristics construct is lower for active donors than for new donors.
This may indicate that new donors are a more homogenous group
than active donors, which is likely due to the more narrow age range
of new donors. Other strengths of this study are its large sample size
and collection of data throughout the country.

Two main limitations of this study should be noted: its generaliz-
ability and its restricted scope. One might be tempted to generalise
the results of new donors to the general Dutch population, as these
donors have never donated blood before. However, even new
donors form a very specific, generally healthier subgroup of the gen-
eral population, which means that selection bias has likely been
introduced. We can speculate that less healthy individuals would
show a higher rate of inflammation, which may cause higher serum
ferritin levels. On the other hand, iron deficient or anaemic individ-
uals are likely underrepresented in our sample. As this selection bias
most likely reduced variance in ferritin levels, this may have attenu-
ated our results.

Regarding the scope, data on some other potentially important
determinants of ferritin levels were not available in this study, the two
most important being genetics and diet.”*° Several genetic polymor-
phisms that have an effect on iron pathways have been identified, and
these are likely to play a role in the recovery speed of ferritin levels
after blood donation.*>®>=%” Dietary behaviour, and in particular
heme iron intake, is also a determinant of iron status in donors.”*’
Information on iron supplementation was also not available for this
study. Sanquin does not prescribe oral supplementation of iron to
donors, and only a small minority (8.7%) uses iron supplements.’ Infor-
mation on donors' smoking status is also expected to add value to the
model. Had these determinants been available for our analysis, the
proportion of variance explained in donor ferritin levels would likely
have increased.

This study presents a model to explain variance in ferritin levels in

individuals with or without donation history, based on three types of

- WiLE Y-

determinants. The model explained a relatively large part of the vari-
ance, especially in active donors. Individual characteristics and dona-
tion history form the most important determinants of ferritin levels.
Although environmental factors accounted for less variance than the
individual and donation history constructs, their contribution is mean-
ingful and statistically significant. When clinicians or researchers use
serum ferritin as a proxy for total body iron, they should be aware of
this potentially confounding effect.

For blood services that are considering implementing ferritin test-
ing for their donors, these results are of particular value. The results
can be of use while the blood service is deciding on a sensible thresh-
old for donation: rather than implementing a one-size-fits-all thresh-
old, environmental conditions in the country can be taken into
account. If there is a high level of air pollution, ferritin levels are likely
to be overestimated, and thus a higher threshold for donation may be
desired. It could even be taken further to make ferritin thresholds
more tailored to a specific donor, by taking into account a donor's
individual characteristics.
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APPENDIX A

Al

| STRUCTURAL EQUATION MODELLING OVERVIEW

Structural equation modelling (SEM) comprises a set of statistical

methods that enables researchers to assess the support for hypothesized

relationships between variables of interest. Its purpose is to account for

variation and covariation of the variables in the model. Many different

techniques are included in SEM, this appendix explains the approach

taken in this particular study. In SEM, observed variables and latent con-

structs are distinguished. Observed variables are variables in the tradi-

tional sense, which are observations in the data set that have been
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collected by the researcher. Latent constructs are theoretical concepts
that cannot be measured, but must be inferred from the observed vari-
ables; a well-known example is the latent construct intelligence that can-
not be measured directly, but can be inferred from observed variables
such as scores for an 1Q test. Intuitively, observed variables that belong
to a latent construct represent the same underlying concept, and latent
constructs form in a way a dimensionality reduction of the observed var-
iables. Mathematically, latent constructs represent shared variance of
the observed variables related to the construct they belong to.

SEM is composed of two main model components: the measure-
ment model, which shows how observed variables are divided among
latent constructs, and the structural model, which shows the relation-
ships between latent constructs and outcome variable(s). First, the
measurement model is specified, and test its validity using confirma-
tory factor analysis (CFA). Often, several measurement models are
tested and compared to see which division into latent constructs best
fits the data. When the measurement model is considered to have a
good fit, the structural part of the model is added, and the model fit is
assessed for the full SEM model.

A.1.1. | Measurement model

The validity of the latent constructs must be measured in two ways:
each construct must have convergent and discriminant validity. Conver-
gent validity occurs when the observed variables belonging to the
latent construct share a high proportion of their variance. This is
assessed by the factor loadings of the observed variables onto the
latent construct: the higher the (absolute value of the) factor loading,
the stronger the indication that this variable belongs to this construct.
Very generally speaking, factor loadings greater than 0.4 are acceptable
for including a variable within a construct, but this threshold depends
greatly on the hypothesized interpretation of the latent variable. Vari-
ables with low factor loadings are excluded from the construct.

The discriminant validity of a latent construct is a measure for
how well the construct can be distinguished from the other constructs
in the model. It is measured by the covariances between latent con-
structs. A high covariance between two constructs can indicate that
these constructs are (partly) overlapping, and thus have no discrimi-
nant validity.

If convergent and discriminant validity are satisfactory, model fit
indices can be calculated for the measurement model. Commonly
used indices are the chi-square test, comparative fit index (CFI),
Tucker-Lewis index (TLI) and root mean square error of approximation
(RMSEA). The CFI and TLI are both relative measures of fit, and com-
pare the fit of the tested model against a null model, which in CFA
means that the means and variances of each variable are freely esti-
mated, but no correlations are included. CFl and TLI are on a scale
from O to 1, with higher values indicating a better fit of the hypothe-
sized model relative to the null model. The TLI is always more conser-
vative (lower value) than the CFI, because the TLI includes a harsher
penalty for the number of parameters estimated. Because the two fit

indices are highly correlated, only one should be reported. We chose

N WiLEy-L

the TLI because of its more elegant penalty for complexity. Values
higher than 0.95 indicate good fit.

The RMSEA is an absolute measure of fit that is not sensitive to
large sample sizes, unlike the chi-square test. It uses the covariance
matrix of the entire data set and of the fitted hypothesized model,
and calculates the differences between these two. This results in a
measure between 0 and 1, with lower values indicating smaller differ-
ences and better model fit. Cut-offs of 0.08, 0.05, and 0.01 indicate
mediocre, good, and excellent fits, respectively.

If multiple measurement models are compared, as in this study,
the best fitting model is selected, based on the fit indices described
above. If these indicate sufficient model fit, the analysis can be contin-
ued with inspection of residual correlation between observed vari-
ables. If the pairwise residual correlation between two variables is
high (absolute value of 0.1 or higher is a common cut-off), this indi-
cates that these two variables share more variance than is currently
captured in the model. If this occurs, the researcher needs to decide
whether a covariance term for these two variables should be included
in the model. However, this should only be done if there is sufficient
theoretical support for an interpretable correlation between these
variables. Otherwise there is a risk of overfitting the model to the
data; after all, in confirmatory factor analysis we build upon a set of
relationships that are hypothesized by the researcher. It is not a data-
driven method of finding the best set of relationships. If such an
approach is desired, exploratory factor analysis (EFA) can be applied
instead of CFA.

A.1.2. | Structural model

The structural component is added to the model once the latent con-
structs are defined, variables with low factor loadings are removed,
and necessary covariance terms are added. The structural component
consists of the relationships between latent constructs, or between
latent constructs and outcome variable(s). With this, we now have

three types of parameters for which an estimate must be calculated:

1. Factor loadings (observed variable — latent construct).
2. Covariances (observed variable < observed variable).
3. Regression coefficients (latent construct — latent construct or

outcome variable).

Each parameter adds one degree of freedom to the model, and
the number of parameters determines the identifiability of the model.
Parameter estimates can only be obtained when the number of free
parameters (the number of ‘unknowns’) is equal to or smaller than the
number of independent elements in the covariance matrix of the data
(the number of ‘knowns’), which is equal to k(k + 1)/2, where k is the
number of observed variables in the model. If there are more
unknowns than knowns, the model is under-identified and no solution
can be found. If the numbers are the same, the model is just identified,
and a unique solution can be obtained. If there are fewer unknowns

than knowns, we have an over-identified model, which means that
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there is no unique solution but multiple, and we can select the best
solution based on fit measures. An over-identified model is desired.

In most software packages parameter estimates are obtained by a
maximum likelihood estimator by default, but alternative estimators
can be chosen as well. In this study most observed variables did not
follow a normal distribution, which violates maximum likelihood esti-
mator assumptions. Therefore, the diagonally weighted least squares
(DWLS) method was used instead, which is more robust and provides
more accurate parameter estimates in case the normality assumption
is violated.

If the model is over-identified, fit measures can be reported along
with the parameter estimates. Again, TLI and RMSEA are used to
assess model fit, with the same thresholds as seen in the CFA
(TLI > 0.9, RMSEA < 0.08). If the model fit is acceptable the parameter
estimates can be interpreted. The interpretation of the parameter esti-
mates depends on the specification of the model. By default, one fac-
tor loading in each latent construct is set to 1, to fix the scale of the
latent construct. However, in order to compare factor loadings across
constructs it is useful to consider standardized parameter estimates.

The variance of the latent construct is then set to 1 and factor load-
ings are interpreted in terms of a change in variance. In this study, we
look only at the standardized parameter estimates, as we are inter-
ested in the relative importance of each observed variable and latent
construct.

Factor loadings indicate how much variance of an observed vari-
able is shared with the variance of its latent construct. Higher abso-
lute values indicate more shared variance, and the sign of the factor
loading specifies the direction of the association. Covariance terms
provide the same information for two observed variables, which can
belong to the same construct or to different constructs. If they belong
to the same construct, a high covariance term indicates that these
two variables share more variance with each other than can be
explained by the latent construct. Regression coefficients indicate
how much variance of the outcome variable is explained by the vari-
ance of the latent construct. To find the relative effect of a single
observed variable on the outcome variable, its factor loading must be
multiplied by the regression coefficient that connects the latent con-
struct to the outcome.
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1 | INTRODUCTION

The incidence of hip fractures continues to increase, along with the
global expansion of aging population observed secondary to improved

Abstract

Introduction

Platelet products are scarce and expensive resources to be used judiciously.
However, inappropriate usage is common. Lack of physician awareness is an
important issue.

Methods

Charts of patients with acute myeloid leukaemia (AML) treated between January
2020 and August 2020 was reviewed, and the mean platelet usage per patient per
day was calculated. Physician education was implemented between September
2020 and December 2020 (2 PowerPoint lectures of 20 min each and weekly
WhatsApp messages containing the guidelines). Data of patients treated between
Jan 2021 and August 2021 was prospectively audited to understand platelet usage
and the indications for transfusions.

Results

Group A (before physician education) consisted of 22 patients, and group B (after
physician education) consisted of 23 patients. The 190 requests for platelet
transfusion received during this period were classified as appropriate (157/190),
which constituted 82.63% of the requests, or inappropriate (33/190), which
accounted for 17.36%.

Conclusions

A short-duration education programme supplemented with weekly WhatsApp
messages and an active feedback mechanism on the rationale of platelet
transfusion by the treating physician and transfusion specialist

KEYWORDS
KAP, Blood, Transfusion, Donor, Medecine

healthcare and quality of life.! Subtrochanteric fractures are defined as
fractures encountered between the inferior border of lesser tro-
chanter and 5 cm distal to it.2 They represent a complex subset of
injuries surrounding the hip, which are most commonly managed with
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have long been the standard method to assess iron status. However,
haemoglobin levels can remain sufficient for some time, even when
iron stores are dwindling; this is known as iron deficiency non-
anaemia.!

In contrast to haemoglobin, serum ferritin levels reflect the
amount of stored iron. Therefore, they are increasingly used to
assess individuals' iron stores when these are at risk, for instance after
traumatic blood loss, during pregnancy, or in blood donors.® Sanquin,
the national blood service in the Netherlands, started measuring ferri-
tin levels in each new donor, and subsequently after every fifth dona-
tion, in October 2017. Donating blood has a substantial impact on
ferritin levels. Ferritin levels are lower among blood donors than in
the general population: cross-sectional studies report lower ferritin
levels in donors with a higher number of whole blood donations and a
large randomised trial showed that ferritin levels indeed decline with
more frequent blood donations.*> Among new donors, large variation
in ferritin levels is observed.* It is well established that individual char-
acteristics such as sex and age are relevant: women in general, but
pre-menopausal women in particular, have considerably lower ferritin
levels than men.*®” Higher body mass index (BMI) is associated with
higher ferritin levels.® In recent decades, many other factors that
affect iron status have been identified: diet,”'° genetics,**''?
ethnicity,*® and iron supplementation, which is mostly studied among
blood donors.2#%

Ferritin is also a known acute-phase protein that is elevated in
inflammatory conditions, complicating its diagnostic value in individ-
uals with conditions such as inflammatory bowel disease or chronic
heart failure.*® This could also explain the association between BMI
and ferritin levels, as adipose tissue is known to promote systemic
inflammation.>” Additionally, exposure to environmental pollutants

1819 and ambient par-

has been linked to disordered iron homeostasis,
ticle matter (PM) concentration is correlated with ferritin levels.r” The
biological mechanism behind this is still unclear, but it is postulated
that iron attaches to the PM rather than to cell nuclei, effectively cre-
ating a functional deficiency.*®? In turn, mechanisms start upregulat-
ing iron uptake and recycling in an attempt to meet the iron
requirement of the cells, thereby altering iron homeostasis. Another
suggested mechanism is that when pollutants enter the lungs, iron is
transported away from the surface of the lung tissue and stored in
ferritin complexes, in order to avoid chemical reactions between iron
and the pollutant.*® Other potential environmental determinants are
neighbourhood characteristics, including population density and
socio-economic status, which are consistently shown to be related to

t2° and blood parameters.??

body weigh

Previous studies on ferritin levels have focused on studying the
association with variables in a limited setting, for example, characteris-
tics such as age and BMI, donation-related variables, or environmental
pollutants. In this paper, we propose a novel framework that inte-
grates multiple settings, using a structural equation model. By group-
ing relevant explanatory variables into constructs, we describe
relationships with ferritin on a more general level. This enhances the
insight into various mechanisms that influence ferritin levels, which is

valuable to those who use these as a diagnostic tool. We explore

associations between ferritin levels and individual characteristics,
donation behaviour and environmental factors, in a large group of

newly registered and active whole blood donors.

2 | METHODS

For this cross-sectional study, data collected by Sanquin and the
Geoscience and health cohort consortium (GECCO) were analysed.
Sanquin is by law the only blood service in the Netherlands, collect-
ing over 400 000 whole-blood donations each year, with collection
sites geographically well-distributed throughout the country. Several
eligibility criteria exist to ensure the safety of the donors and recipi-
ents and the quality of the blood product. Donors must be aged
between 18 and 79 years old, and a pre-donation screening visit
takes place before the first 500 ml whole blood donation, which
includes blood sampling for blood type and infectious disease test-
ing, as well as initial haemoglobin and ferritin measurements. We
will refer to these prospective donors, who have not donated yet,
as ‘new donors’.

Before every donation, a donor screening is performed, including
a donor health questionnaire and measurements of blood pressure,
pulse rate and haemoglobin levels to assess whether the donor is eligi-
ble to donate. Haemoglobin levels need to be at least 7.8 mmol/L for
women and 8.4 mmol/L for men. This is measured by point-of-care
testing with a photometer (HemoCue, Angelholm, Sweden). Ferritin
levels, are measured in serum samples, using the Architect i2000
(Abbott Diagnostics, Chicago, IL), after the pre-donation screening
visit and after every fifth whole blood donation. As such, ferritin mea-
surements are only available in case of successful whole blood dona-
tions, and for new donors whose venous samples are taken as part of

the pre-donation screening visit.

21 | Data

This study included all new and active whole blood donors who gave
consent to the use of their data for scientific research (consent given
by >99% of all donors) and for whom ferritin measurements were
available between 1 October 2017 and 31 December 2019. If multiple
ferritin measurements were available for a donor, only the first mea-
surement was used. Information on donors and donation histories
was extracted from the blood bank information system (ePROGESA,
MAK-SYSTEM International Group, Paris, France). Variables used
were sex, age, height, weight, time since previous successful donation,
the number of successful donations in the previous 2 years, donor sta-
tus (new or active donor), and ferritin levels. BMI was calculated from
self-reported donor height and weight. Sanquin does not register
donor ethnicity, but Duffy negative phenotype was included to func-
tion as a proxy for sub-Saharan African descent.

Environmental exposure variables of various characteristics were
obtained from the Geoscience and health cohort consortium

(GECCO).22 The exposure data were operationalised based on publicly
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TABLE 1  Grouping of variables into constructs for each model
Variable Model A Model B
Age Individual characteristics
Weight
Height
BMI

Duffy phenotype

Time since previous donation? Donation history

Number of previous donations®
Population density Environment
Temperature

Socio-economic status

Ozone Pollution
PM2.5

PM10

Soot

NO,

Individual characteristics

Environment

- WiLE Y-

Model C Model D

Individual characteristics Individual characteristics

Donation history

Environment Environment

Pollution

Note: All models contain the same observed variables but differ in how these are grouped into latent constructs.

#Only available for active donors.

available data. Data from 30 weather stations in the Netherlands—
obtained from the Royal Netherlands Meteorological Institute
(KNMI)—were used to estimate temperature at a spatial resolution of
1 km. Three options for the measurement level were considered (mini-
mum, average, and maximum daily temperature), as well as three time
spans (day, week or month before donation), resulting in nine options
in total. The combination that showed the highest correlation with
ferritin was included in the final model.

Daily concentrations for particulate matter (PM) 2.5, PM10, NO,,
ozone and soot levels were obtained via the Dutch National Institute
for Public Health and the Environment (RIVM), for the vyears
2017-2019. These variables were imputed on a spatial resolution of
1 by 1 km. Neighbourhood socio-economic status (SES) scores and
population density from 2017-2019 were acquired from Statistics
Netherlands (CBS), both available on 6-digit postal code level. SES
scores are based on percentiles of income, education level and voca-
tional history of households, with a score of O being exactly the
national average, and positive scores being above average. All spatio-
temporal variables were matched with donor and donation data based
on donation date and donor postal code. Lastly, the date and time of
each donation were included as potential factors to account for sea-
sonal and diurnal variation, as they are known to affect haemoglobin
levels and may also affect ferritin levels.

To check for a possible confounding effect of smoking on envi-
ronmental variables, we analysed the correlation between the per-
centage of smokers per municipality (data from Statistics Netherlands)
and all environmental variables described in the above paragraph.

There were no missing data for environmental datasets from the
RIVM and CBS. Donors with no ferritin measurement were excluded
from the analysis. There were no missing data for the other donor or

donation level variables.

2.2 | Statistical analysis
Structural equation modelling (SEM) was used to investigate which vari-
ables relate to serum ferritin and to what extent. Briefly, observed vari-
ables and latent constructs are distinguished in SEM. Latent constructs
cannot be measured or observed directly, but are inferred from the
observed variables. One or more hypothesized sets of relationships and
correlations between variables and constructs are specified a priori and
shown in a path diagram. For each relationship, a parameter is esti-
mated that indicates its strength. Estimates are obtained by numeric
optimization of a fit criterion, using maximum likelihood estimation.
A more detailed overview of this method is provided in Appendix A.

We compared four ways to divide the 15 variables included in the
analysis into latent constructs, as shown in Table 1. Date and time of
the donation were added to the model separate of the constructs, and
as such are not included in Table 1. Model A contains four latent con-
structs, and in models B, C and D different sets of constructs are com-
bined. Confirmatory factor analysis (CFA) was used to test the validity
of the specified measurement models, that is, the hypothesized rela-
tionships between the latent constructs and their observed variables.
The overall fit of the models was assessed by the Tucker-Lewis Index
(TLI) and the root mean square error of approximation (RMSEA).
A rule of thumb is to exclude variables for which the absolute value of
the standardised factor loading is below 0.4, but at sample sizes larger
than 300, if the overall model fit is good, exclusion is not necessary
and should be judged separately for each variable based on sensible
background knowledge.?®

Pairwise residual correlations between observed variables were
calculated to identify whether any covariances needed to be added to
the model. Of the four specified models, we continued our analysis
with the best fit according to CFA, based on the TLI and RMSEA.
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TABLE 2 Distribution of explanatory variables by donor status and sex

N

Age (years)

Height (cm)

Weight (kg)

BMI (kg/m?)

Time since previous donation (days)
Number of previous donations®
Population density (inhabitants per km?)
Duffy phenotype (proportion)
Temperature (°C)°

Socio-economic status

Ozone (pg/m?3)

PM2.5 (pg/m°)

PM10 (pg/m°)

Soot (pg/m3)

NO; (pg/m°)

1173 (425-2617)
0.25

11.4 (6.4-16.6)
0.04 (-0.21 to 0.22)
46.9 (45.6-48.8)
10.7 (9.7-11.6)
18.2(16.8-19.3)
0.66 (0.54-0.78)
17.6 (14.9-21.6)

1246 (477-2936)
0.17

11.7 (6.6-16.7)
0.02 (—0.24 to 0.22)
46.8 (45.5-48.7)
10.7 (9.8-11.6)

18.2 (16.9-19.3)
0.66 (0.55-0.78)
17.8 (15.1-21.8)

827 (322-1855)
0.28

10.4 (6.0-16.0)
0.10 (—0.10 to 0.25)
47.2 (45.9-49.2)
10.5(9.6-11.5)

0.63 (0.52-0.75)
16.8 (14.2-19.7)

New donors Active donors

Women Men Women Men

40 172 19 424 39 085 39 233
26 (21-37) 28 (23-37) 47 (31-58) 53(39-62)
170 (166-175) 183 (178-188) 170 (166-175) 183 (178-188)
68 (62-77) 82 (74-90) 0 (64-80) 85 (78-93)
24 (21-26) 24 (22-27) 24 (22-27) 25(23-27)
NA NA 154 (132-217) 139 (71-147)
NA NA 3(2-4) 5(4-7)

(

814 (320-1824)
0.16

10.4 (5.9-16.0)
0.12 (—0.07 to 0.26)
47.2 (45.9-49.1)
10.6 (9.7-11.6)
18.0(16.7-19.1)
0.65 (0.54-0.76)
16.9 (14.3-19.6)

Ferritin (ng/ml) 47 (28-75)

118 (79-170)

(
(-
(
(
18.0 (16.6-19.0)
(
(
30(

0 (17-47) 34 (20-56)

Note: Data are presented as medians (interquartile range) due to non-normal distributions of the variables.

AWithin 2 years before the ferritin measurement.
bThe maximum temperature recorded on the day of donation.

To the model with the best fit, we added the structural compo-
nent, which contains the relationships between the latent variables
and ferritin, the outcome variable. A multiple group SEM was carried
out with parameters estimated separately for male and female donors,
and for new and active donors. Because the assumption of normality
of the explanatory variables does not hold in our data, a different esti-
mator than the default maximum likelihood estimator was used: the
‘mean and covariance adjusted weighted least squares estimator’,
which is robust against violations of the normality assumptions in a
multivariate setting.?*

The same model was fitted in all four groups, although the vari-
ables belonging to the donation history construct (see Table 1) are not
available for new donors, as they do not (yet) have a donation history.
The overall fit of the SEM model was assessed using the TLI and
RMSEA, as well as the R? measure.

All analyses were conducted using R programming language and
environment for statistical computing version 4.0.3,> with package

26 for pre-processing environmental data, and lavaan®” for CFA and
SEM analyses. Path diagrams were created with yEd Live Graph Editor.?®

3 | RESULTS
3.1 | Sample composition

Table 2 shows descriptive statistics of the study population by sex

and donor status. The size of each of the groups was comparable,

except for the group of new male donors, which was only half the
size of the other groups. Between new and active donors, age dif-
fered considerably, new donors being younger than active donors
by 17 years on average (p < 0.001 using a two-sample t-test). In
both new and active donors, men were older (by 6 years on aver-
age, p <0.001) and heavier (by 13 kg on average, p < 0.001) than
women. p-values were obtained using two-sample t-tests. The time
since last donation is higher in women than in men, and the number
of prior donations is higher in men than in women. These differ-
ences are due to differences in the minimum required donation
interval: for women, there must be 122 days between two dona-
tions with a maximum of 3 donations per year, while for men, the
minimum is 57 days between two donations with a maximum of
5 donations per year. Differences in ferritin levels between the
groups are as expected from previous studies: men have higher fer-
ritin levels than women, and repeat donors have lower ferritin levels
than new donors.

For pollution and environmental variables, there was little differ-
ence between the groups, any differences between new and active
donors were most likely due to the different age and geographical dis-
tribution of the groups. None of these differences were statistically
significant.

We found a weak correlation between the percentage of smokers
and SES score (Pearson's r = —0.4) and a moderate correlation
between the percentage of smokers and population density
(Pearson's r = 0.5). No correlation was found for any of the other

environmental variables.
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3.2 | Model selection

CFA did not provide support for the environment construct as defined
by the three variables temperature, population density and socio-
economic status. These variables did not share a high proportion of
their variance and consequently there was no convergent validity,
effectively ruling out models A and C. In models B and D, variables
Duffy phenotype, temperature, SES and height were omitted due to
very low factor loadings (<0.05). The factor loading for variable age
was also low (0.35) but this variable was not excluded, as it is
expected that this factor loading would be small, considering the other
variables in the construct (weight and BMI) are much more closely
related. All other factor loadings were above the suggested threshold
of 0.6. All latent constructs (individual characteristics, donation history
and environment) showed convergent and discriminant validity in
models B and D. Variables time and day of year, which were added to
the model outside the constructs, were also dropped due to very low
factor loadings (<0.05).

The presence of a donation history construct was the only differ-
ence between models B and D, and since new donors do not yet have
a donation history, the models only differed for active donors. Model
B had a TLI of 0.961 and RMSEA of 0.063, while model D had a TLI of
0.932 and RMSEA of 0.083. Based on these fit measures, model B fit
the data best, and was therefore used in the remainder of the
analyses.

Based on inspection of the pairwise residual correlations
between all observed variables, two covariance terms were added to
the model: one for PM2.5 and PM10 (residual correlation 0.092-
0.102, depending on sex/donor status), and one for age and popula-
tion density (residual correlation —0.151 to —0.149, depending on
sex/donor status). We also added one covariance term for weight
and BMI, as BMI was calculated using weight and was therefore

inherently dependent.

3.3 | Parameter estimates
Figure 1 shows the structure of the final model and the parameter
estimates for new donors. Parameter estimates were similar for both
sexes, but factor loadings for variables belonging to the individual
characteristics construct were higher for women than for men, indicat-
ing more shared variance. Factor loadings in the environment construct
did not differ between sexes, showing that the covariance structure
of those variables was not dependent on sex. The parameter esti-
mates for the regression coefficients show the relative importance of
each latent construct for the outcome variable. Table 3 shows the per-
centage of variance in ferritin levels that is explained by each con-
struct for each model, adding up to the total percentage of variance
explained.

Figure 2 shows the final model for active donors. As in new
donors, factor loadings in the individual characteristics construct
were higher for women than for men, and they were also higher

for new donors than for active donors. The relative importance
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FIGURE 1 Final structural equation model for ferritin

determinants in new donors, with parameters estimated separately
for men and women. All parameter estimates are standardised so that
the variance of each observed variable and latent construct equals 1

TABLE 3 Relative contribution to explanation of variance of
ferritin levels per model

New donors Active donors
Construct Women Men Women Men
Individual characteristics 23% 23%  20% 17%
Donation history NA NA 14% 25%
Environment 2% 2% 5% 4%
Total % of variance explained  25% 25%  39% 46%

of individual characteristics and donation history was opposite for
both sexes: for men, donation history was correlated with ferritin
levels more strongly than individual characteristics (0.66 vs. 0.45),
while this was reversed for women (0.43 vs. 0.61). The regres-
sion coefficient of the environment construct is 0.15 for women
and 0.10 for men. The environment construct explains twice as
much variation in ferritin levels in active donors as in new
donors.

As for overall model fit, with a TLI of 0.981 and 0.979 and
RMSEA of 0.052 and 0.042, for new and active donors respectively,
both models fit very well when compared to commonly used thresh-
olds (TLI > 0.95, RMSEA < 0.06).2° R? was calculated separately by
sex: for new donors, R? was 0.251 for men and 0.252 for women, and

for active donors, 0.458 for men and 0.393 for women.
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4 | DISCUSSION

This study investigated the impact of individual and environmental
determinants on ferritin levels in Dutch individuals, using SEM. The
model was able to explain 25% of ferritin level variance in new donors
for both sexes, and 46% and 39% in active donors for male and female
donors, respectively.

We found the construct composed of individual characteristics
(age, weight, and BMI) to be the most important determinant of ferri-
tin in female active donors, followed by donation history (time since
previous donation, number of donations in the past 2 years). For male
active donors, this was the opposite: donation history was a more
important determinant than individual characteristics. In both sexes,
environmental factors are associated with ferritin levels, albeit to a
lesser degree than individual characteristics and donation history.

The relationship between ferritin levels and anthropometric char-
acteristics is well-documented, and the positive correlations we found
for ferritin with age, weight and BMI are consistent with those found
in other studies.**>3° Men have much higher ferritin levels than
women in general and show a larger decrease in ferritin levels after
repeated donations. As a result, ferritin levels in active donors are sim-
ilarly low for women and men.* The donation history construct
explained more variance in ferritin levels in men than in women.
Although often not explicitly mentioned, this discrepancy is also found
in previous studies, with stronger relationships between variables

regarding donation history and ferritin for men than for women.*®

A reasonable explanation for this is that men commonly display more
variation in donation history variables due to the possibility of more
frequent donations: in many blood services, men are allowed to
donate more often than women and are usually less frequently
deferred for low haemoglobin levels.3!

From previous epidemiological studies, we know that environ-
mental factors may play a role in iron metabolism, and that certain
pollutants can disrupt iron homeostasis.>> Our study shows that
although environmental factors are less strongly associated with ferri-
tin levels than individual characteristics and donation history, their
effects are far from negligible. Because of the wide reach of environ-
mental exposures over geographic areas, even a relatively small influ-
ence on individuals can result in a large effect on the population level.
As this study includes only data from the Netherlands, which is a rela-
tively small country, associations between environmental variables
and ferritin levels were not very strong, as was expected. Repeating
this study on a larger, or even global, scale may result in finding a
more substantial effect.

Higher values for all but one environmental factor (ozone) were
positively correlated with higher ferritin levels. These findings support
the hypothesis that air pollution causes higher ferritin levels. The under-
lying mechanism may be that when certain pollutants enter the lungs,
iron is transported away from the lung tissue surface and stored in fer-
ritin complexes to avoid chemical reactions between iron and the pol-
lutant.*®32 This would imply that using serum ferritin as a proxy for

total body iron is less reliable when there is significant air pollution.
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The environment construct was more strongly associated with fer-
ritin level in active donors than in new donors. In new donors, envi-
ronmental factors explain 2% of variance in ferritin levels, while in
active donors this increases to 4%-5% depending on sex. This indi-
cates that environmental factors are more important for ferritin recov-
ery after blood loss than for naive ferritin level. A plausible
explanation for this difference is that since both exposure to air pollu-
tion and donating blood causes significant disruptions to iron homeo-
stasis, these disruptions may interact and together have a larger effect
than simply additive.

SEM is a technique well-suited to test hypotheses on how differ-
ent factors interact and correlate with a specific outcome like ferritin
levels, especially when there are many factors to consider. Compared
to multiple (linear) regression, more complex models can be tested,
and for each variable measurement error is taken into account.>*
Moreover, the percentage of variance explained by groups of related
variables can be calculated and compared. The stratified approach in
this study also adds to the model validity: parameter estimates can be
compared across groups, allowing discovery of implausible results.
Our analyses show that the convergent validity of the individual char-
acteristics construct is lower for active donors than for new donors.
This may indicate that new donors are a more homogenous group
than active donors, which is likely due to the more narrow age range
of new donors. Other strengths of this study are its large sample size
and collection of data throughout the country.

Two main limitations of this study should be noted: its generaliz-
ability and its restricted scope. One might be tempted to generalise
the results of new donors to the general Dutch population, as these
donors have never donated blood before. However, even new
donors form a very specific, generally healthier subgroup of the gen-
eral population, which means that selection bias has likely been
introduced. We can speculate that less healthy individuals would
show a higher rate of inflammation, which may cause higher serum
ferritin levels. On the other hand, iron deficient or anaemic individ-
uals are likely underrepresented in our sample. As this selection bias
most likely reduced variance in ferritin levels, this may have attenu-
ated our results.

Regarding the scope, data on some other potentially important
determinants of ferritin levels were not available in this study, the two
most important being genetics and diet.”*° Several genetic polymor-
phisms that have an effect on iron pathways have been identified, and
these are likely to play a role in the recovery speed of ferritin levels
after blood donation.*>®>=%” Dietary behaviour, and in particular
heme iron intake, is also a determinant of iron status in donors.”*’
Information on iron supplementation was also not available for this
study. Sanquin does not prescribe oral supplementation of iron to
donors, and only a small minority (8.7%) uses iron supplements.’ Infor-
mation on donors' smoking status is also expected to add value to the
model. Had these determinants been available for our analysis, the
proportion of variance explained in donor ferritin levels would likely
have increased.

This study presents a model to explain variance in ferritin levels in

individuals with or without donation history, based on three types of

- WiLE Y-

determinants. The model explained a relatively large part of the vari-
ance, especially in active donors. Individual characteristics and dona-
tion history form the most important determinants of ferritin levels.
Although environmental factors accounted for less variance than the
individual and donation history constructs, their contribution is mean-
ingful and statistically significant. When clinicians or researchers use
serum ferritin as a proxy for total body iron, they should be aware of
this potentially confounding effect.

For blood services that are considering implementing ferritin test-
ing for their donors, these results are of particular value. The results
can be of use while the blood service is deciding on a sensible thresh-
old for donation: rather than implementing a one-size-fits-all thresh-
old, environmental conditions in the country can be taken into
account. If there is a high level of air pollution, ferritin levels are likely
to be overestimated, and thus a higher threshold for donation may be
desired. It could even be taken further to make ferritin thresholds
more tailored to a specific donor, by taking into account a donor's
individual characteristics.
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