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Abstract

Background and Objectives: Plasma has become an essential ingredient for various
medical treatments. Many blood collection agencies rely on voluntary non-
remunerated donation when collecting plasma, but at present many do not collect
sufficient plasma to meet domestic demands. This rapid review sought to explore the
factors that have been found to influence people’s decisions to donate plasma to
inform future research.

Methods: Searches were conducted in PubMed, PsycINFO, Social Sciences Citation
Index and CINAHL for peer-reviewed journal articles that discussed plasma donation
and the factors associated with donor behaviour. Pertinent information from
included articles was extracted and arranged in themes.

Results: In total, 33 articles were included in this review. Three main themes were
identified by the authors. The first focused on site-level factors related to blood col-
lection agencies’ engagement with plasma donors and their influence on plasma
donation experiences. The second theme considered how individual characteristics
and experiences influence willingness to donate plasma. The third theme examined
social and cultural-level factors, such as how social networks and community shape
perceptions and experiences with donation.

Conclusion: Our findings suggest that the current understanding of plasma donation
is focused mainly on converting whole blood donors and also centres on individual-
level factors to donation. Further research must examine what factors attract
non-whole blood donors to become plasma donors, focusing on broader social-level
influences. This review will inform policies and interventions for blood collection

agencies to increase plasma donors.

Keywords
donor motivation, donor retention, donors, plasma

Highlights
e This rapid review explores what influences people’s decision to donate plasma. Most studies
focus on existing whole blood donors, examining individual-level factors such as intention,

altruism and fear surrounding the donation process.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2023 The Authors. Vox Sanguinis published by John Wiley & Sons Ltd on behalf of International Society of Blood Transfusion.
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o There is little literature on non-whole blood donors or exploring social and cultural factors

such as community influences and accessibility for diverse groups.

o Given that the findings show a lack of research on the influences of ethnicity, socioeconomic

status and gender on plasma donation, specifically with non-donors, future studies should

explore these factors in more depth.

INTRODUCTION

Plasma protein therapies are vital for patient recovery in clinical set-
tings [1]. Plasma forms the treatment for patients with autoimmune
disorders, immune deficiencies, rare blood disorders, various cancers,
tetanus infections, nervous system disorders and so forth [1]. It can
also be transfused directly into patients in hospitals or manufactured
into specialized medicines called plasma protein products [2]. Due to
the increasing use of these plasma protein products, the demand for
plasma collection has increased globally [3].

Many blood collection agencies worldwide rely on voluntary, non-
remunerated donations when collecting plasma. However, most fail to
collect sufficient plasma to meet demand. Therefore, many countries
purchase plasma from the international market, which often includes
plasma from countries where people are paid to donate. While interna-
tional purchasing allows countries to provide care, it raises concerns
about the security of the supply. These concerns have been exacerbated
during the COVID-19 pandemic, which has led to increasing costs of
plasma products and disruptions to the supply chain [4].

It is important to understand the factors that influence people to
either donate or not donate plasma to increase domestic plasma
donation. Since whole blood donation is dominant in donation litera-
ture, recognizing the work done in plasma donation literature is a
timely contribution. As discussed below, most plasma studies focus on
converting whole blood donors to plasma. Addressing plasma dona-
tions’ unique barriers and facilitators is vital to increase the plasma
donor pool with new, inexperienced donors to ensure the whole
blood donor pool remains stable. Thus, this review aims to summarize
current plasma literature to provide insight for future research on

improving plasma donor recruitment.

MATERIALS AND METHODS

A rapid review of plasma donation literature was done from February
to April 2022. A rapid review follows a similar strategy to a systematic
review but is more efficient due to limiting the search parameters and
aspects of the synthesis. By applying a more streamlined approach to
data collection and analysis, rapid reviews are best utilized in areas
where information needs are immediate. This is relevant for plasma
research, as the need for increasing supply is ever-growing; therefore,
we chose a rapid review to quickly disseminate knowledge on how this
demand can be met in a time of dire need. While there is no formal
rapid review guideline, we used reviews that discussed the various
approaches other authors have used [5-7], as well as supplemented
the preliminary findings of the unpublished PRISMA-RR protocol [8].

Information sources

The search was completed by one reviewer (M.B.). The databases that
we searched included PubMed, PsycINFO, CINAHL and Social Sci-
ences Citation Index. We searched for peer-reviewed journal articles
that discussed plasma donation and the factors associated with inten-
tion, motivation, facilitators and deterrents. The search term used was
‘plasma don*’ and was further specified using either [title/abstract] or
depending on the database. The search began on 25 February 2022
and was completed on 19 April 2022. Test searches were performed
before the official search using more specific terms alongside plasma
don* (e.g., willingness, intent, barriers). However, the search results
were too specific and did not provide a sufficient number of articles
necessary for the review’s aim. We searched Social Sciences Citation
Index using the search terms and parameters; however, no relevant or
new articles emerged. Therefore, we chose not to include any articles

found in this database.

Inclusion criteria

We included journal articles that focused on factors of plasma donation
that impact donors’ willingness to, or not to, donate. These factors
included motivation, intent, self-efficacy, barriers, facilitators, donor
identity and willingness. In addition, eligible studies included those dis-
cussing factors that impacted the amount people donated, recruitment
of new plasma donors, experiences of people who donated and percep-
tions surrounding plasma donation. More succinctly, we focused on the
donor experience and how their backgrounds influence their percep-

tions and attitude towards donating plasma.

Exclusion criteria

Articles were excluded if not written in English or based outside North
America, Europe or Australia. Articles outside of this geographic
region examine healthcare systems that are structurally different from
the Canadian system. Even with included countries varying in their
reliance on remunerated donations, they historically have collected
and distributed blood and plasma donations through a not-for-profit
Blood Collection Agency (BCA) or an entity separate from the public
health authority. Therefore, we examine countries with similarities in
procurement, as the collection agencies often determine the type of
people who donate [9]. We did not review any medical articles or let-
ters to the editor. We chose not to include articles that described
donor demographics (e.g., sex, age) alone as the review'’s focus is on
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INFLUENCES TO DONATE PLASMA

how to increase donations, and descriptions of donor demographics
are insufficient for this understanding. We also chose not to include
op-ed articles or letters to the editor that discussed the ethical impli-

cations of paying donors (Figure 1).
Synthesis
Articles were organized in an Excel spreadsheet using descriptions of

the studies, including methodology, sampling, study aims and findings.
The authors kept notes on the emergent themes. The wider study

c
o
® Records identified through 4
o Duplicates removed
= databases sources (n = > n=22)
c 1403) -
9]
=
Qo
= R ds screened
c ecor
gé (N =1381) » Records excluded (N = 1354)
(%3
(%)
3 full-text articles excluded:
Y 1 did not explore relevant

Full-text articles assessed faCtC_WS for dt?nat'ion
for eligibility 1 examined feelings about

N=27) | eligibility surveys not
dedicated to plasma
1 explored convalescent
plasma donors

Full text articles
assessed for
eligibility

24 citations included

Included from
Database search

¥

Citation search from the 24
included articles
(N=9)

<
[S)
2
©
]
N
c
(]
=]
©
=
(9]

Studies included in analysis:
N=33

Total Included

FIGURE 1 Flow chart of the selection process.
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team developed final themes by identifying each study’s main goals
and outcomes and grouping similar articles. In these groups, the
authors highlighted how key findings fit together to create common
trends across the articles, allowing for the development of broader
themes. Moreover, grouping articles in such a way allowed the
authors to find potential knowledge gaps explored in the discussion.
Preliminary themes were developed by one author (M.B.), and then
verified by another author (A.E.), with any disagreements resolved by
a third author (N.B.).

RESULTS

The electronic databases yielded 1403 articles. From these, 51 met
our inclusion and exclusion criteria. After eliminating repeat articles,
24 unique studies met the inclusion/exclusion criteria to review fully.
An additional nine articles were added from citation searches for a
total of 33 articles (Table S1). The year range is from 1999 to 2022, as
no articles appeared before 1999 in our search. Ten articles were
qualitative and nine were quantitative. Additionally, three were mixed
methods, and seven were experimental studies (e.g., randomized con-
trol trials). One article was a systematic review of whole blood donor
willingness to convert to another substance of human origin [10].
Three were narrative reviews of motivations and deterrents towards
plasma donation [11], motivations and compensation for plasma dona-
tion [12], and a summary of the current literature to provide strategies
for BCAs [13].

We grouped our findings into three broad themes (Figure 2).
The first theme focused on site factors, which include processes
related to accessing plasma donation sites. The second theme was
on individual-level factors, which focus on the motivations and
deterrents of people who are approached to donate or already
donate plasma. The third theme examined social/cultural-level
factors, which explore the broader influences communities and
social institutions have on individuals’ perceptions of donating
plasma.

Site and blood collection agency factors
Influence of BCA staff

To increase plasma donation, BCAs have explored both the recruit-
ment of new donors and the conversion of whole blood donors to
increase plasma donation [14-16]. The study by Thorpe et al. [16]
aimed to increase the retention of first-time donors by comparing four
strategies: calling donors, e-mailing donors, approaching donors to
make advanced appointments and a simple ‘thank you’ message (con-
trol group). Compared with the control group, all intervention groups
reported higher return rates and increased frequency of plasma dona-
tion. The most impactful strategy for getting donors to return included
a call from the BCA asking about their experiences. This intervention

demonstrated the importance of post-donation communication since
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FIGURE 2 Anillustration of the themes that emerged from the review, beginning with the individual-level factors in the innermost circle, and
moving out to the site-level factors, and finally the larger social- and cultural-level factors that influence donation.

retention and recruitment improved when staff took the time to
explain plasma donation and how to book an appointment.

Similarly, other studies [15, 17] compared the efficacy of different
strategies for converting whole blood donors to plasma donation and
found that in-person conversations with centre staff were more effec-
tive than call-centre phone conversations. Moreover, the relationships
donors create with staff strongly influence return donations. Bove
et al. [22] interviewed plasma donors on what triggered them to
donate and what made them continue. For many, their relationship
with the staff prompted them to switch from whole blood to plasma
and kept them returning.

Time to donate plasma

Plasma donation takes approximately 1 h due to the separation and
the return of the red blood cells, which is four times the length of
blood donation and is the primary barrier preventing people from
donating [11, 13, 18-21]. Bagot et al. [20] interviewed donors who
declined to convert to plasma from whole blood donation and found
that across all groups, the amount of time it took to donate plasma
was the most cited reason for not wanting to donate plasma.

Thorpe et al. [19] found that most plasma donors who lapsed did so
because of changes in life circumstances, such as changes to work
schedules, shifting family obligations and the ebb and flow of every-

day life, which causes plasma donation to get sidelined.

Individual-level factors
Incentives and compensation

There has been substantial research into financial compensation’s
impact on people’s willingness to donate plasma [12]; however, find-
ings remain mixed and contradictory. Two experimental studies found
that incentives did not influence willingness to donate [23] and return
rates [24]. Gyuris et al. [23] found that donor willingness did not differ
between the group given a monetary reward and the group that had
the social significance of plasma donation emphasized to them. How-
ever, those who were given the option to pay their monetary reward
forward to a non-governmental organization reported higher willing-
ness to donate. Chell et al. [24] provided participants with a voucher
for a local cafe and found that while nearly 70% of the sample took
the voucher, only 18% redeemed it. Moreover, the return rate
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between the control group that received no voucher and the experi-
mental group with a voucher was not significantly different.

Two non-experimental studies explored the motivations of paid-
plasma donors in the United States [25] and Hungary [26]. Anderson
et al. [25] found that university students who were paid to donate
their plasma were motivated by monetary incentives, not altruism.
These students used the funds on activities they otherwise could not
afford. Similarly, Trimmel et al. [26] surveyed paid plasma donors and
voluntary whole blood donors in Hungary and found that paid plasma
donors were motivated by monetary incentives and would not con-
tinue to donate if payment ceased. Moreover, paid donors had lower
altruistic thinking levels than voluntary whole blood donors. More
recently, France and France [27] surveyed university students on their
preference to donate plasma or whole blood. They found that stu-
dents’ willingness to donate plasma rose from 3.9% to 47.5% after
being informed that plasma donors are paid in the United States,

where the study was based.

Anxiety and fear about donating plasma

Anxiety is often higher for new plasma donors due to navigating the
apheresis machine and the unpleasant cold feeling experienced when
blood is returned [28]. The medical environment in which plasma
donation takes place appears to cause some unease and anxiety, espe-
cially for those new to the process.

A common factor for donor lapse is adverse events when donat-
ing, such as fainting. Vasovagal reactions (VVRs) are common for nov-
ice plasma donors [18, 28] and occur when individuals experience a
sudden drop in blood pressure due to an extreme emotional response
to a trigger, like seeing blood, and faint. Thijsen et al. [29] found that
those plasma donors who experienced a VVR took significantly longer
to return to donate and were more likely to experience another
adverse event. Similarly, Thijsen et al. [30] explored the impact of a
new policy in Australia, which allowed individuals to donate plasma
without a previous whole blood donation. Compared to experienced
donors, first-time plasma donors were the most likely to experience
an adverse event and were not as likely to return.

Attempts have been made to address the anxiety and fears of
new plasma donors. Gilchrist et al. [31] conducted an experimental
study with two treatment groups for new donors. They gave the first
group an informative brochure that normalized donor fear and pro-
vided stress reduction strategies—the second met with a trained
research assistant who discussed concerns about with process with
each donor. Both groups had fewer adverse events and higher posi-

tive support levels than the control.

Individual intention, motivation and self-efficacy

The most common framework for understanding individual intention
and motivation towards plasma donation is the Theory of Planned
Behaviour (TPB) [21, 32, 33]. The theory suggests that the best
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predictor of behaviour is intention. Three factors determine the
strength of intention: perceived behavioural control, which is an indi-
vidual's perception of how easily or not a behaviour can be per-
formed; attitude, which is the evaluation of the behaviour as a
positive or negative act; subjective norm, which is the perception of
others approval towards the enacted behaviour. Godin and Ger-
main [33] used TPB to evaluate which factors were the most impact-
ful when determining the intention of plasma donors. They found that
perceived behavioural control and attitude were the most significant
determinants of intention, as well as age (i.e., older adults) and donor
experience. Based on these findings, an individual's intention to
donate plasma hinges on whether they believe they can do so
successfully.

In response to these findings, studies have begun to supplement
TPB with Bandura’s concept of self-efficacy [34]. In this context, self-
efficacy describes an individual’s belief in their ability to carry out a
behaviour well. Veldhuizen and van Dongen [32] used a modified TPB
to identify the most significant predictor of conversion to plasma
donation or the onset of a plasma donor career. Plasma donors had
stronger positive attitudes than whole blood donors.

However, the most significant difference was the higher levels of
self-efficacy reported in plasma donors. This result was mirrored in
Bagot et al. [21]. This study incorporated additional factors such as
moral norms and anticipated regret. Moral norms assess the individ-
ual's perceptions of whether the behaviour is right or wrong. Antici-
pated regret drives people to perform a behaviour to avoid feeling
guilty if they fail to do so. Using these additional factors, Bagot
et al. [21] found that moral norms were a significant predictor of
intention to donate plasma; however, anticipated regret was only sig-
nificant if the individual reported high moral norms.

Donor role

Bagot et al. [21] found that those blood donors with a strong tie to
their ‘blood donor identity’ were less likely to convert to plasma
donation. However, Thorpe et al. [35] found that converted plasma
donors who felt whole blood donation was similar to plasma donation
believed their donor identity remained stable. For many, their donor
identity was also tied to the motivation to help as much as possible.
Thus, when informed of the dire need for plasma, those who switched
to plasma donation did not experience tension in the donor identity
since it was seen as helpful and did not conflict with their blood donor
identity [35].

Social and cultural-level factors
Donation frequency and supporting community
Several studies explored why people converted to plasma donation

and what made them stay [22, 36-40]. The increased frequency at
which donors could donate was a draw to plasma donation, as several
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researchers found that donors often wanted to donate as much as
possible to address the need for plasma and benefit the broader com-
munity [22, 36, 38]. Bagot et al. [39] examined underlying beliefs that
promote the intention to donate plasma and found that individuals
who made a second plasma donation reported a strong desire to help
others.

Family influences

A strong emotional connection to whole blood or plasma increased
donation likelihood. Charbonneau et al. [40] found that many plasma
donors had family members who had previously donated, knew of
someone close to them who needed whole blood or plasma, or had
someone close to them get ill or pass away. Thus, learning first-hand
the impact of plasma donation on people, whether it was a favourable
report of the experience from a loved one or witnessing its lifesaving
capabilities, is a powerful motivator for many plasma donors.

Discriminatory or stigmatizing practices

Programmes have been developed to mitigate the exclusion of
LGBTQ+ donors by Hema-Quebec in Canada. They proposed that
men who have sex with men (MSM) could donate plasma, but their
donation would be quarantined for 3 months and would require them
to return to be tested for blood-borne infections such as HIV [41].
Several studies explored how members of the community, specifically
MSM, felt about the plasma programme [41-43]. Using a TPB lens,
Veillette-Bourbeau et al. [42] found that study participants reported a
moderate level of perceived behavioural control, suggesting that the
MSM programme was something they could see themselves doing.
While some participants were keen to join the programme, a signifi-
cant number of people still felt that the programme reinforced dona-
tion as an exclusionary practice that perpetrated an ‘us vs. them’
mentality Grace et al. [43]. Therefore, while the study by Veillette-
Bourbeau et al. [42] found that MSM may feel they could donate, both
Grace et al. [43] and Caruso et al. [41] found that the programme per-
petuates the notion that the blood of MSM is ‘impure’ and reinforces
the stigmatizing and discriminatory practices of BCAs. Participants in
both studies did feel that the programmes were a step in the right
direction and were hopeful that they would aid in the reduction of
harmful prejudices held against them.

DISCUSSION

This rapid review of the plasma donor literature examined the various
factors influencing plasma donor behaviour. A primary finding is that
much of this research has focused on converting whole blood donors.
Given the shortages in the supply of whole blood donors, exacerbated
due to COVID-19 [44], this group will not sufficiently resolve plasma
supply issues meaningfully. Historically, recruiting whole blood donors

has been an effective way of collecting plasma, which was considered
secondary to whole blood donation, until the 1990s when demand for
plasma-derived products dramatically increased [45]. More research is
needed on people not currently donating blood, including diverse
populations who tend to be underrepresented amongst whole blood
donors [46, 47].

There was a gap in the literature surrounding how knowledge of
plasma donation and its uses influenced donor motivations. This was
surprising, considering in whole blood donation literature, knowledge
is discussed as an important factor [47-51]. Further research should
be implemented to understand knowledge’s influence on individuals
when deciding whether they will donate plasma.

We suggest a more thorough discussion of altruism as a motivator
within the context of blood plasma donation. In whole blood donation
literature, attempts to broaden definitions of altruism have included
influences like self-worth (warm glow) [52] and moral obligations
(reluctant altruism) [53]. However, these expanded definitions are not
found within plasma donation literature. Furthermore, because the
discussion of altruism is lacking in blood plasma literature, it is exam-
ined using individual-level factors that do not capture the nuance of
this socially driven behaviour. Based on this, we argue for having a
more nuanced exploration of altruism in blood plasma literature,
which may allow for more effective targeting strategies for specific
groups of people instead of general marketing approaches.

Exploring macro-level social factors would greatly increase the
understanding of the pushes and pulls people experience when decid-
ing whether or not to donate plasma. Although some studies have
examined how ethnicity and cultural background influence whole
blood [46, 54, 55] and organ [56] donation, this literature remains
scant and other influences, such as gender, socio-economic status,
disability status and language, remain largely under-explored. Greater
attention to larger social influences such as immigration status and
socio-economic status should be explored to improve understanding
of the pushes and pulls towards plasma donation.

It is important to note the strengths and limitations of this rapid
review. The strengths of this article include a strict inclusion/exclusion
criterion created before the initial search. Moreover, throughout the
search and writing this review, the primary reviewer (M.B.) collabo-
rated with other authors to negotiate and determine the best way to
organize the data and reinforce the rigour of the review. The limita-
tions are the nature of the rapid review and the method’s efficiency,
which means the review's scope is limited. For example, we omitted
scholarship on COVID-19 convalescent plasma donation, as this
donor base has different motivations that were irrelevant for future
non-convalescent donation. However, this area would likely inform
future plasma collection strategies and should be examined with non-
convalescent donation [57]. As such, limiting the search terms and the
databases may have resulted in publications being missed. Further,
excluding grey literature, op-ed articles and publications in languages
other than English may have created a potential publication bias.

Overall, the main message across the literature is that the need
for plasma donors is dire, and the plasma supply must be increased to

ensure people get the treatment they need. Future research should
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look at how to recruit new donors from a diverse population and the
larger structural- and cultural-level factors that influence people’s

desire to donate plasma or not.

ACKNOWLEDGEMENTS

This work was supported by the Canadian Institutes for Health
Research Project Grant PJT-178170. M.B. performed the literature
search, analysis and wrote the first draft of the manuscript;
A.E. analysed and synthesized the data and reviewed and edited the
manuscript; K.H. reviewed and edited the manuscript; D.D. edited and
reviewed the manuscript; N.B. supervised the review, and edited

and reviewed the manuscript.

CONFLICT OF INTEREST STATEMENT
The authors declared no potential conflicts of interest concerning the

authorship, and/or publication of this article.

ORCID
Mary Berger = https://orcid.org/0000-0001-9193-6063
https://orcid.org/0000-0003-3867-1072

https://orcid.org/0000-0002-9059-0344

Kelly Holloway
Dana Devine

REFERENCES

1. Mathew J, Sankar P, Varacallo M. Physiology, blood plasma. Stat-
Pearls. Treasure Island, FL: StatPearls Publishing; 2022.

2. Jolles S, Sewell WAC, Misbah SA. Clinical uses of intravenous immu-
noglobulin. Clin Exp Immunol. 2005;142:1-1.

3. Prevot J, Jolles S. Global immunoglobulin supply: steaming towards
the iceberg? Curr Opin Allergy Clin Immunol. 2020;20:557-64.

4. Kenan N, Diabat A. The supply chain of blood products in the
wake of the COVID-19 pandemic: appointment scheduling and
other restrictions. Transp Res E Logist Transp Rev. 2022;159:
102576.

5. Garritty C, Gartlehner G, Nussbaumer-Streit B, King VJ, Hamel C,
Affengruber L, et al. Cochrane Rapid Reviews Methods Group offers
evidence-informed guidance to conduct rapid reviews. J Clin Epide-
miol. 2021;130:13-22.

6. Ganann R, Ciliska D, Thomas H. Expediting systematic reviews:
methods and implications of rapid reviews. Implement Sci. 2010;
5:56.

7. Tricco AC, Antony J, Zarin W, Strifler L, Ghassemi M, Ivory J, et al. A
scoping review of rapid review methods. BMC Med. 2015;13:224.

8. Stevens A, Garritty C, Hersi M, Moher D. Developing PRISMA-RR, a
reporting guideline for rapid reviews of primary studies (protocol).
EQUATOR Network. 2018 [cited 2022 Mar 7]. Available from:
https://www.equator-network.org/wp-content/uploads/2018/02/
PRISMA-RR-protocol.pdf

9. Healy K. Embedded altruism: blood collection regimes and the
European union’s donor population. Am J Sociol. 2000;10:1633-57.

10. Hyde MK, Masser BM, Coundouris SP. A review of whole-blood
donors’ willingness, motives, barriers and interventions related to
donating another substance of human origin. Transfus Med. 2022;
32:95-114.

11. Beurel A, Terrade F, Lebaudy JP, Danic B. Determinants of plasma
donation: a review of the literature. Transfus Clin Biol. 2017;24:
106-9.

12. Farrugia A, Penrod J, Bult JM. Payment, compensation and
replacement—the ethics and motivation of blood and plasma dona-
tion. Vox Sang. 2010;99:202-11.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Vox Sanguinis qg_%) e

Masser B, Bagot K. Plasmapheresis: recruitment, retention and flexi-
ble donors. ISBT Sci Ser. 2015;10:268-74.

Beurel A, Terrade F, Danic B, Lebaudy JP. Conversion to non-
remunerated plasmapheresis donation: effects of labeling and dona-
tion environment. Eur Rev Appl Psychol. 2020;70:100554.

Godin G, Germain M. How to motivate whole blood donors to
become plasma donors. J Blood Transfus. 2014;2014:752182.
Thorpe R, Masser BM, Nguyen L, Gemelli CN, Davison TE. Bringing
new plasma donors back: testing the efficacy of telephone and
e-mail communications with first-time donors. Transfusion. 2020;60:
1463-9.

Bagot KL, Bove LL, Masser BM, White KM. Asking for something dif-
ferent from our donors: factors influencing persuasion success.
Transfusion. 2014;54:848-55.

Masser BM, Bove LL, White KM, Bagot KL. Negative experiences
and donor return: an examination of the role of asking for something
different. Transfusion. 2016;56:605-13.

Thorpe R, Nguyen L, Masser BM, Van Dyke N, Davison TE. Gone,
but haven't forgotten: insights on plasmapheresis donation from
lapsed donors. Vox Sang. 2021;116:281-7.

Bagot KL, Bove LL, Masser BM, Bednall TC, Buzza M. Perceived
deterrents to being a plasmapheresis donor in a voluntary, non-
remunerated environment. Transfusion. 2013;53:1108-19.

Bagot KL, Masser BM, White KM. Using an extended theory of
planned behavior to predict a change in the type of blood product
donated. Ann Behav Med. 2015;49:510-21.

Bove LL, Bednall T, Buzza M. Understanding the plasmapheresis
donor in a voluntary, nonremunerated environment. Transfusion.
2011;51:2411-24.

Gyuris P, Gaspar BG, Birkas B, Csékasi K, Kocsor F. Help is in your
blood—incentive to “double altruism” resolves the plasma donation
paradox. Front Psychol. 2021;12:653848.

Chell K, White C, Karki S, Davison TE. An Australian trial of the
effectiveness of a discount reward to increase plasma donor reten-
tion and frequency of donation. ISBT Sci Ser. 2021;16:188-95.
Anderson L, Newell K, Kilcoyne J. “Selling blood™: characteristics and
motivations of student plasma donors. Sociol Spectr. 1999;19:
137-62.

Trimmel M, Lattacher H, Janda M. Voluntary whole-blood donors,
and compensated platelet donors and plasma donors: motivation to
donate, altruism and aggression. Transfus Apher Sci. 2005;33:
147-55.

France CR, France JL. Preference for whole blood versus plasma
donation among university students. Vox Sang. 2020;115:624-7.
Thijsen A, King A, Waller D. Lost in translation: knowledge, attitudes
and practices in donors experiencing a vasovagal reaction. Transfus
Apher Sci. 2016;54:384-9.

Thijsen A, Masser B, Gemelli CN, Davison TE. Trends in return
behaviour after an adverse event in Australian whole blood and
plasma donors. Transfusion. 2019;59:3157-63.

Thijsen A, Davison TE, Speedy J, Hoad V, Masser B. Offering new
and returned donors the option to give plasma: implications for
donor retention and donor adverse events. Vox Sang. 2021;116:
273-80.

Gilchrist PT, Thijsen A, Masser BM, France CR, Davison TE. Improv-
ing the donation experience and reducing venipuncture pain by
addressing fears among whole-blood and plasma donors. Transfu-
sion. 2021;61:2107-15.

Veldhuizen I, van Dongen A. Motivational differences between
whole blood and plasma donors already exist before their first dona-
tion experience. Transfusion. 2013;53:1678-86.

Godin G, Germain M. Predicting first lifetime plasma donation among
whole blood donors. Transfusion. 2013;53:1575-161S.

Bandura A. Self-efficacy: toward a unifying theory of behavioral
change. Psychol Rev. 1977;84:191-215.

85U8017 SUOILLOD BAERID B|qedl|dde au3 Aq peupnob 8e SoPILE YO ‘2SN JO S9N J0j ARIq1T BUIIUO 4811 UO (SUORIPUOD-PUR-SWR}WD™ A8 1M Ae1d 1|oU1UO//SANU) SUORIPUOD PU SWB L 33 885 *[5202/20/72] Uo ARiqiauluo Ao|im ‘Iuewiedsd SRS 7 S90IN0say-3 AISIBAIN [PUI0D Aq 967ET XOATTTT 0T/10p/L0Y" AB|1mAs.q1[pul|UO//SARY WOI) papeoiumod ‘0T ‘€202 ‘0TOEZrT


https://orcid.org/0000-0001-9193-6063
https://orcid.org/0000-0001-9193-6063
https://orcid.org/0000-0003-3867-1072
https://orcid.org/0000-0003-3867-1072
https://orcid.org/0000-0002-9059-0344
https://orcid.org/0000-0002-9059-0344
https://www.equator-network.org/wp-content/uploads/2018/02/PRISMA-RR-protocol.pdf
https://www.equator-network.org/wp-content/uploads/2018/02/PRISMA-RR-protocol.pdf

MVOX Sa n g u i n iS qg—jﬂ—) Lr;teEvlzzgoTna\ S?cwety

35.

36.
37.

38.

39.
40.

41.
42.
43.

44,

45.

46.

47.

BERGER ET AL.

Thorpe R, Masser BM, Jensen K, Van Dyke N, Davison TE. The role
of identity in how whole-blood donors reflect on and construct their
future as a plasma donor. J Community Appl Soc Psychol. 2019;30:
73-84.

Thorpe R, Masser BM, Nguyen L, Davison TE. Understanding dona-
tion frequency: insights from current plasma donors. Vox Sang.
2020;115:174-81.

Bagot KL, Masser BM, Starfelt LC, White KM. Building a flexible, vol-
untary donation panel: an exploration of donor willingness. Transfu-
sion. 2016;56:186-94.

Bagot K, Masser B, White K. A novel approach to increasing inven-
tory with the current panel: increasing donation frequency by ask-
ing for a different blood product. Transfusion. 2015;55:
1294-302.

Bagot KL, Masser BM, White KM, Starfelt LC. Recruiting and retain-
ing plasmapheresis donors: a critical belief analysis. Transfus Apher
Sci. 2015;52:350-7.

Charbonneau J, Cloutier MS, Fainstein B. How do people become
plasma and platelet donors in a VNR context. J Clin Apher. 2018;33:
236-48.

Caruso J, Germain M, Godin G, Myhal G, Pronovost F, Morin M,
et al. “One step closer”: acceptability of a programme of plasma
donation for fractionation from men who have sex with men. Vox
Sang. 2019;114:675-86.

Veillette-Bourbeau L, Otis J, Lewin A, Godin G, Germain M, Daunais-
Laurin G, et al. Determinants of the intention to participate in a pro-
gramme of plasma donation for fractionation among men who have
sex with men. Vox Sang. 2021;116:1051-9.

Grace D, Gaspar M, Klassen B, Lessard D, Anand P, Brennan DJ,
et al. Stepping stones or second class donors? A qualitative analysis
of gay, bisexual, and queer men'’s perspectives on plasma donation
policy in Canada. BMC Public Health. 2021;21:444.

Draaisma M. Canadian Blood Services urges donors to keep
appointments as blood supplies reach new low. CBC News. 2022
[cited 2022 Aug 6]. Available from: https://www.cbc.ca/news/
canada/toronto/canadian-blood-servicessupplies-low-mask-mandate-
1.6543815

Robert P. Global plasma demand in 2015. Pharm Policy Law. 2009;
11:359-67.

Tran NYL, Charbonneau J, Valderrama-Benitez V. Blood donation
practices, motivations and beliefs in Montreal’s Black communi-
ties: the modern gift under a new light. Ethn Health. 2013;18:
508-29.

Renzaho AMN, Polonsky MJ. The influence of acculturation, medical
mistrust, and perceived discrimination on knowledge about blood

48.

49.

50.

51.

53.

54.

55.

56.

57.

donation and blood donation status: acculturation and blood dona-
tion. Transfusion. 2013;53:1625-171S.

Francis KL, Polonsky MJ, Jones SC, Renzaho AMN. The effects of a
culturally-tailored campaign to increase blood donation knowledge,
attitudes and intentions among African migrants in two Australian
states: Victoria and South Australia. PLoS One. 2017;12:e0188765.
Fernandez de la Iglesia J d C, Martinez-Santos AE, Rodriguez-
Gonzélez R, Cebreiro B, Ferndndez-Morante C, Casal-Otero L. Ser-
vice-learning to improve attitudes towards blood donation among
university students. Health Educ J. 2020;79:812-25.

Allerson JT. Assessment of selected university students’ knowledge
of blood donation and the relationship with intent to donate blood.
Mankato: Minnesota State University; 2012.

Hupfer ME, Taylor DW, Letwin JA. Understanding Canadian student moti-
vations and beliefs about giving blood. Transfusion. 2005;45:149-61.
Ferguson E, Taylor M, Keatley D, Flynn N, Lawrence C. Blood donors
helping behaviour is driven by warm glow: more evidence for the blood
donor benevolence hypothesis. Transfusion. 2012;52:2189-200.
Ferguson E, Lawrence C. Blood donation and altruism: the mecha-
nisms of altruism approach. ISBT Sci Ser. 2016;11:148-57.

Muthivhi TN, Olmsted MG, Park H, Sha M, Raju V, Mokoena T, et al.
Motivators and deterrents to blood donation among Black
South Africans: a qualitative analysis of focus group data. Transfus
Med. 2015;25:249-58.

Charbonneau J, Tran NYL. The paradoxical situation of blood donation
in the Haitian-Quebec community. Can Ethn Stud. 2015;47:67-92.
Morgan M, Deedat S, Kenten C. ‘Nudging’ registration as an organ
donor: implications of changes in choice contexts for socio-cultural
groups. Curr Sociol. 2015;63:714-28.

Masser BM, Ferguson E, Thorpe R, Lawrence C, Davison TE, Hoad V,
et al. Motivators of and barriers to becoming a COVID-19 convales-
cent plasma donor: a survey study. Transfus Med. 2021;31:176-85.

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: Berger M, Easterbrook A, Holloway K,
Devine D, Bansback N. What influences decisions to donate
plasma? A rapid review of the literature. Vox Sang. 2023;118:
817-24.

85U8017 SUOILLOD BAERID B|qedl|dde au3 Aq peupnob 8e SoPILE YO ‘2SN JO S9N J0j ARIq1T BUIIUO 4811 UO (SUORIPUOD-PUR-SWR}WD™ A8 1M Ae1d 1|oU1UO//SANU) SUORIPUOD PU SWB L 33 885 *[5202/20/72] Uo ARiqiauluo Ao|im ‘Iuewiedsd SRS 7 S90IN0say-3 AISIBAIN [PUI0D Aq 967ET XOATTTT 0T/10p/L0Y" AB|1mAs.q1[pul|UO//SARY WOI) papeoiumod ‘0T ‘€202 ‘0TOEZrT


https://www.cbc.ca/news/canada/toronto/canadian-blood-servicessupplies-low-mask-mandate-1.6543815
https://www.cbc.ca/news/canada/toronto/canadian-blood-servicessupplies-low-mask-mandate-1.6543815
https://www.cbc.ca/news/canada/toronto/canadian-blood-servicessupplies-low-mask-mandate-1.6543815

Received: 4 May 2023 Revised: 28 July 2023

Accepted: 7 August 2023

DOI: 10.1111/vox.13517

ORIGINAL ARTICLE

Vox Sanguinis F[%_%) e St

The added value of ferritin levels and genetic markers for the
prediction of haemoglobin deferral

Marieke Vinkenoog 2 | Jarkko Toivonen® | Matthijs van Leeuwen?
Mart P. Janssen® © | Mikko Arvas®

1Donor Medicine Research, Sanquin Research,

Amsterdam, The Netherlands Abstract

2Leiden Institute of Advanced Computer
Science, Leiden University, Leiden,
The Netherlands

SResearch and Development, Finnish Red
Cross Blood Service, Helsinki, Finland

Correspondence

Mart P. Janssen, Plesmanlaan 125, 1066CX
Amsterdam, The Netherlands.

Email: m.janssen@sanquin.nl

Funding information

Stichting Sanquin Bloedvoorziening,
Grant/Award Number: PPOC18-14/L2337;
Valtion tutkimusrahoitus

Background and Objectives: On-site haemoglobin deferral for blood donors is
sometimes necessary for donor health but demotivating for donors and inefficient
for the blood bank. Deferral rates could be reduced by accurately predicting donors’
haemoglobin status before they visit the blood bank. Although such predictive
models have been published, there is ample room for improvement in predictive per-
formance. We aim to assess the added value of ferritin levels or genetic markers as
predictor variables in haemoglobin deferral prediction models.

Materials and Methods: Support vector machines with and without this information
(the full and reduced model, respectively) are compared in Finland and the
Netherlands. Genetic markers are available in the Finnish data and ferritin levels in
the Dutch data.

Results: Although there is a clear association between haemoglobin deferral and both
ferritin levels and several genetic markers, predictive performance increases only
marginally with their inclusion as predictors. The recall of deferrals increases from
68.6% to 69.9% with genetic markers and from 79.7% to 80.0% with ferritin levels
included. Subgroup analyses show that the added value of these predictors is higher
in specific subgroups, for example, for donors with minor alleles on single-nucleotide
polymorphism 17:58358769, recall of deferral increases from 73.3% to 93.3%.
Conclusion: Including ferritin levels or genetic markers in haemoglobin deferral pre-
diction models improves predictive performance. The increase in overall performance
is small but may be substantial for specific subgroups. We recommend including this
information as predictor variables when available, but not to collect it for this

purpose only.
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iron-related single-nucleotide polymorphisms (SNPs) are collected by some others.
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o Inclusion of ferritin levels or genetic markers in haemoglobin deferral prediction models only

marginally increases the predictability of blood donor deferrals.

e For donors with minor alleles on SNP 17:58358769, or donors with ferritin levels between

30 and 50 pg/L, the predictability of donor deferral increases considerably.

INTRODUCTION

Deferral of blood donors with low haemoglobin levels is necessary to
prevent iron depletion. Currently, in Finland and the Netherlands, hae-
moglobin is measured before donation, which leads to on-site deferral
if haemoglobin is below the donation threshold of 7.8 mmol/L (125 g/L)
for women or 8.4 mmol/L (135 g/L) for men. On-site deferral is demoti-
vating for donors and can be a reason to drop out of the donor pool per-
manently [1]. Haemoglobin deferral prediction models can help reduce
the on-site deferral rate: for invitation-based donations, predictions can
be included in the decision-making process of which donors to invite; for
walk-in donations, the prediction could be communicated to the donor
(e.g., shown on a donor dashboard or app that many blood banks offer),
who can use this information to decide when to visit the blood bank.

Currently, haemoglobin deferral prediction models are not very
accurate at predicting deferral on the specific day a donor may visit the
blood bank. Although it is possible to correctly predict most deferrals as
such (and therefore prevent them), this comes at the cost of incorrectly
predicting some non-deferrals to be deferrals, which results in a large
net loss of donations if these donors are then not invited to the blood
bank based on this incorrect prediction. However, in a previous study
we showed that predicting haemoglobin deferral at different time points,
and inviting a donor once the predicted outcome is ‘non-deferral’,
results in non-deferred donors to be invited earlier and deferred donors
to be invited later, thereby eliminating the loss of successful dona-
tions [2]. This tells us that haemoglobin deferral prediction models are
useful, and it is worth the effort of trying to improve the predictions.

Multiple studies [3-5] have shown previous haemoglobin levels to
be the most important predictor of future haemoglobin deferral.
Researchers from blood services in different countries have investi-
gated many different potential predictors of haemoglobin deferral, to
assess whether the inclusion of these predictors improves prediction
performance. Most of these predictors were found to not substantially
improve the models: information on menstruation, diet, ethnicity and
smoking all only slightly improve model performance, even though they
are known to be associated with iron stores [4]. One small-scale study
on 261 donors did show that ferritin, soluble transferrin receptor and
hepcidin were associated with subsequent anaemia [5].

In this study, we investigate the added value of including ferritin
levels and genetic information in haemoglobin deferral prediction
models. Ferritin is routinely measured at Sanquin, the Dutch national
blood service, and therefore available for all donors. Genetic informa-
tion for several iron-related single-nucleotide polymorphisms (SNPs) is
collected for many donors by the Finnish Red Cross blood service.
Because the information in both countries is collected without target-

ing specific donors, our results provide a realistic indication of how

much predictions would be improved if the prediction model was to
be used in practice. Our results will therefore be useful for blood ser-
vices that would like to collect additional donor information to

improve haemoglobin deferral predictions.

METHODS

Data

Data on blood donation attempts by whole-blood donors from
(almost) five recent years were extracted from the eProgesa database
(MAK-SYSTEM, Paris, France) in Finland and the Netherlands. Only
data from donors who explicitly provided informed consent for the
use of their data for scientific research were used. This consent is
given by more than 99% of all Dutch donors. All Finnish blood donors
studied provided informed consent for biobank research in accor-
dance with the Finnish Biobank Act and the study was approved by
the Blood Service Biobank (project 004_2019). In Finland, ~23% of
active blood donors have given this consent since the founding of the
Blood Service Biobank in 2017.

Finnish data reflect data entries from January 2016 through April
2020 and Dutch data from January 2017 through December 2021.
For each visit, the following information was collected in both coun-
tries: donor sex, donor age, donation date and haemoglobin level.
Additionally, ferritin level is measured at every new donor intake and
upon every fifth donation in repeat donors in the Netherlands.

In Finland, only donors participating in the Blood Service Biobank
are included, as only for these donors, genetic information related to
iron metabolism is available [6]. Four SNPs were identified as signifi-
cantly associated with higher prevalence of iron deficiency anaemia in
an iron deficiency anaemia meta-analysis on Finnish and UK data.
Polygenic risk scores were derived for three related endpoints: iron
deficiency anaemia, ferritin and haemoglobin [7].

In total, complete information on the predictor variables (see
Table 1) was available for 172,508 donation attempts by 42,255
donors in Finland and 456,384 donation attempts by 157,423 donors
in the Netherlands.

The variable of interest is ‘HbOK’, a dichotomous variable that
indicates whether the result of the donation attempt was deferral
(i.e., haemoglobin [Hb] level below the eligibility threshold for dona-
tion) or non-deferral (i.e., Hb level equal to or above the threshold).

Donor deferral due to low haemoglobin is similar in Finland and
the Netherlands. Haemoglobin is measured using a capillary skin-prick
device before each donation, and eligibility thresholds for donation

are 7.8 mmol/L for women and 8.4 mmol/L for men. However, in case

85U8017 SUOWILLOD BAERID B|qedl|dde au3 Ag peusnob 8e SopILE YO ‘B8N JO s3I J0} ARIq1T BUIIUO 4811/ UO (SUORIPUOD-PUR-SWR}WD™ A8 1M Ae1d 1)U 1 UO//SANU) SUORIPUOD PU SWB L 83 885 *[5202/20/72] U0 ARiqiauluo Ao|im ‘Iuewiedsd SRS 7 S90IN0say-3 AISIOAIN [PUI0D Aq LTSET XOATTTT 0T/10p/L0Y" A|1mAseiq1 Ul |UO//SdRY Woi) papeoiumod ‘0T ‘€202 ‘0TOEZrT



FERRITIN AND GENETICS FOR Hb DEFERRAL PREDICTION

TABLE 1 Predictor variables used in each country.

Vox Sanguinis qg_j% oy | 827

Country/Countries where

Variable used Unit or values Description data are available

Sex {male, female} Biological sex of the donor; separate models are Both
trained for men and women

Age Years Donor age at time of donation Both

Month {1-12} Month of the year that the visit took place Both

NumDon Donations Number of successful (collected volume >250 mL) Both
whole-blood donations in the last 24 months

DaysSinceFirstDon Days The number of days since the donor visited the blood Both
bank for the first time

HbPrevi mmol/L Haemoglobin level at ith previous visit, for i between Both
land5

DaysSinceHbi Days Time since related Hb measurement at ith previous Both
visit, for i between 1 and 5

FerritinPrev pug/L Most recent ferritin level measured in this donor The Netherlands

SNP 1:169549811 {0,1,2} Number of minor alleles in SNP rs6025 Finland

SNP 6:32617727 {0,1,2} Number of minor alleles in SNP rs3129761 Finland

SNP 15:45095352 {0, 1, 2} Number of minor alleles in SNP rs199138 Finland

SNP 17:58358769 {0,1,2} Number of minor alleles in SNP rs199598395 Finland

PRS_anaemia Standard deviations Standardized polygenic risk score for anaemia Finland

PRS_ferritin Standard deviations Standardized polygenic risk score for ferritin Finland

PRS_haemoglobin Standard deviations Standardized polygenic risk score for haemoglobin Finland

Abbreviation: SNP, single-nucleotide polymorphisms.

the measurement is below the eligibility threshold in Finland, haemo-
globin is measured again (using the same device) in a venous sample,
and this measurement is used for the deferral decision. In the
Netherlands, two additional capillary haemoglobin measurements are
taken when the first measurement outcome is below the eligibility
threshold, and the donor is allowed to donate if any of the three mea-

surement outcomes is above the eligibility threshold.

Analyses

For both countries, two models were fitted for each sex: one with all pre-
dictor variables available (the full model), and one with only those predic-
tor variables that are available in both countries (the reduced model). By
comparing the full model with the reduced model in both countries, the
added value of the extra predictor variables (i.e., genetic information in
Finland and ferritin information in the Netherlands) can be assessed.

The prediction models used were based on models developed for
an earlier study considering Dutch data only [2]. All models are based
on support vector machines (SVMs), supervised machine learning
models that learn a separation between outcome classes from a train-
ing set, after which the model can be used to predict donor deferral
for observations in an unseen test set. Here, the training set consists
of blood bank visits in the first 4 years of data, whereas the test set
consists of data collected in the final year.

Given a dataset and a set of predictor variables, a model consists
of 10 SVM sub-models. The sub-models are named SVM-sex-n, where

sex indicates donor sex (m for male, f for female donors) and
n indicates the number of previous blood bank visits that are used for
prediction. That is, each sub-model includes HbPrevi and DaysSin-
ceHbi for i ranging from 1 to n as predictor variables. If sex is omitted
in the sub-model name, it refers to the combination of two sex-
specific sub-models. The number of blood bank visits (n) considered in
this study varies from 1 to 5, and so five sub-models per sex are cre-
ated. Donors can be included in the SVM-sex-n sub-model only if they
have at least n previous visits; therefore, the sizes of the datasets
used for both training and testing decrease from SVM-1 to SVM-5.
Hyperparameters were optimized separately for each sub-model using
stratified (on the outcome variable) fivefold cross-validation within
the training set data only. Hyperparameters were optimized using grid
search, using the balanced accuracy (defined as the weighted average
of recall in both classes) as scoring method, which is suitable for data-
sets with imbalanced outcome sizes, as mistakes in the minority class
are penalized more than those in the majority class.

During model training, the classification threshold is chosen again
by optimizing the balanced accuracy. The predictive performance of
the models is assessed using precision (also known as positive predic-
tive value) and recall (also known as sensitivity) at this classification
threshold. For non-deferral prediction, precision is defined as the pro-
portion of true non-deferrals out of all predicted non-deferrals; recall
is defined as the proportion of predicted non-deferrals out of all true
non-deferrals. In this context, the complement of the precision is the
hypothetical new deferral rate if the model would be used to choose

which donors to invite, and the complement of the recall is the
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TABLE 2 Number of donation attempts available per model for both countries; number of deferrals and deferral rates are given in brackets.

Women Men
Model Finland Netherlands Finland Netherlands
SVM-1 83,628 236,994 88,880 219,390
(3216; 3.85%) (7724, 3.26%) (1480; 1.67%) (2411; 1.10%)
SVM-2 68,718 166,640 78,268 179,465
(2494; 3.63%) (5875; 3.53%) (1264; 1.61%) (2114; 1.18%)
SVM-3 55,011 123,171 68,225 150,396
(1859; 3.38%) (4370; 3.55%) (1054; 1.54%) (1889; 1.26%)
SVM-4 43,164 93,868 58,951 127,807
(1307; 3.03%) (3149; 3.35%) (896; 1.52%) (1667; 1.40%)
SVM-5 33,179 72,165 50,540 108,832

(868; 2.62%)

(2112; 2.93%)

(749; 1.48%) (1424; 1.31%)

Abbreviation: SVM, support vector machines.

proportion of successful donations that would be missed by the model
because the donors are incorrectly predicted to have a low haemoglo-
bin level. Precision and recall can be calculated for both outcome clas-
ses (‘deferral” and ‘non-deferral’).

The precision-recall (PR) curve is a graph in which the recall and
the precision of a prediction model at varying classification thresholds
are shown. The area under this curve (AUPR), is a number between
0 and 1, where 1 would indicate a perfect classifier. By subtracting
the deferral rate from the AUPR, we get an adjusted AUPR, which
reflects the improvement by the model over a strategy that would
always predict non-deferral. Without this correction, the improvement
made by the model would be biased by the difference in deferral rate.
AUPR represents the ability of the model to distinguish between
two classes at differing classification thresholds. It is possible for
model A to have a higher AUPR than model B even if precision and
recall at the optimal classification threshold are the same in both

models.

Model explanations

Because SVMs do not provide model coefficients that can be
directly interpreted, we use Shapley Additive exPlanations (SHAP)
values to investigate the importance of different predictor vari-
ables [8]. SHAP is a model agnostic explainer that shows the con-
tribution of each predictor variable to the predicted outcome. This
contribution is calculated for each individual observation sepa-
rately (in a subsample of the test set) and is therefore very

informative.

Subgroup analysis

To further investigate the value of including ferritin and genetic infor-
mation in the models, we perform additional analyses in which donors
are placed in groups defined by ferritin level or genotype. Deferral

rate, model performance and the difference between reduced and full

model performance are calculated and compared to assess whether
there are subgroups of donors for whom including the extra variables

results in better predictions.

Software

All analyses were performed in Python 3.10 using packages numpy
and pandas for data processing, scikit-learn for model training and pre-
dictions, shap for calculating SHAP values and matplotlib for creating
graphs. All code is available on GitHub and is indexed on Zenodo at
https://doi.org/10.5281/zenodo.7780718.

RESULTS

Table 2 shows the number of donation attempts used for each model
in both countries. Deferral counts and rates are given in brackets.
Sample sizes are much larger in the Netherlands than in Finland. This
is because the total number of blood donations is much higher in the
Netherlands than in Finland, which is due to a larger population
(17.4 million vs. 5.5 million in 2020), but also because genetic informa-
tion is available in Finland in only a subgroup of donors, whereas
ferritin measurements are available for all Dutch donors.

Deferral rates are very similar in both countries, around 3% for
women and 1% for men. The biggest difference in deferral rates is
found in men with at least one previous haemoglobin measure-
ment, where the deferral rate is 0.57 percentage points higher in
Finland. In most cases, deferral rates go down whenever more pre-
vious visits are included; this is most likely the result of self-
selection, where donors with lower haemoglobin levels are less
likely to return for subsequent donations than donors with higher
haemoglobin levels. Surprisingly, for Dutch men this pattern seems
to some extent to be reversed as their deferral rate goes up with
an increasing number of donations.

Table S1 shows the marginal distribution of the predictor vari-

ables, combined for all sub-models. Donors in Finland are older than
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FIGURE 1 Adjusted area under precision-recall curve (AUPR) by sub-model for the Netherlands (NL) and Finland (Fl) for both sets of
predictor variables. SVM, support vector machines.

donors in the Netherlands (median age 46 vs. 30 years in women, in the adjusted AUPR. For male donors, class non-deferral, the adjusted

52 vs. 34 years in men) and the number of donations in the past AUPR does not seem to change from SVM-m-1 to SVM-m-5.

2 years (‘NumDon’) is also higher, with a difference in median dona- Overall model performance and the difference in model perfor-
tions of 2 for both sexes. This difference can be explained by the sam- mance between the full and reduced models are assessed by PR curves
ple composition: the Finnish dataset consists of participants of the and adjusted AUPR values as described in Section 2. Figure 2 shows
Blood Service Biobank, who have given consent for medical research the PR curves for various models (SVM-1 through SVM-5, using the
and are typically regular, committed blood donors. Genetic informa- model with the most predictor variables possible for each donation
tion is available only for these donors. attempt) by sex and true outcome class. In general, models are better at
Haemoglobin levels are slightly higher in Finland for both sexes identifying non-deferrals (the most common outcome) than deferrals,
for all variables HbPrevi, by 0.1-0.3 mmol/L. The time between sub- even with scoring methods that weigh mistakes in both outcome clas-
sequent donation attempts (variables DaysSinceHbi) is slightly shorter ses proportionally. However, all curves are well above the baseline, indi-
for Finnish women than for Dutch women, but almost identical for cating a structural improvement as compared to random guessing.
men. This difference can be partly explained by a difference in When comparing the reduced models with each other, one can
minimum donation interval between blood donations: for women, observe that the performance is very similar in both countries. For

91 days in Finland versus 122 days in the Netherlands; for men, women the AUPR is higher in Finland than in the Netherlands for the

61 days in Finland versus 57 days in the Netherlands. class deferral, but lower for the class non-deferral. This indicates that
deferrals are more likely to be predicted correctly, but at the cost of
more inaccuracies when predicting non-deferrals.

Predictive performance Moving from the reduced to the full model has virtually no effect

on the AUPR for the class non-deferral: the AUPR of the full model is
Predictive performance can be assessed for individual sub-models, or almost identical to that of the reduced model for both countries and
for all sub-models combined, by using the most complex sub-model sexes. For the class deferral, however, there is a difference: in Finland,

possible to predict each outcome. When more previous blood bank AUPR increases by 58% (from 0.066 to 0.104) for men and by 8.5%

visits are taken into consideration, more predictor variables are used, (from 0.106 to 0.115) for women. In the Netherlands, AUPR remains
and we expect the performance of the sub-model to increase. Figure 1 the same for women (0.086 for both) but increases by 8.3% (from
shows that this is the case for both the full and reduced model in both 0.072 to 0.078) for men.

countries. The adjusted AUPR increases from SVM-1 to SVM-5 almost Table 3 provides the confusion matrices of model predictions by
everywhere. An exception is the AUPR for class deferral in SVM-m-5, the reduced and full models for both countries. In the Finnish data,
where the reduced model for Finnish donors shows an unexpected drop going from the reduced to the full model causes 7 (1.9%) more
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FIGURE 2 Precision-recall curves for the prediction models. For the Netherlands (NL) and Finland (FI), the curve is shown for the reduced
and full prediction models. The baseline (proportion of observations belonging to this outcome class, i.e., for class deferral, the deferral rate) is
shown as a dotted horizontal line. AUPR, adjusted area under precision-recall.

TABLE 3 Confusion matrices of predictions by the reduced and full models.

Finnish donors: Reduced-model

Finnish donors: Full model

Predicted deferral Predicted non-deferral
True deferral 363 166
True non-deferral 4573 18,713

Dutch donors: Reduced model

Predicted deferral Predicted non-deferral
True deferral 370 (+7) 159 (-7)
True non-deferral 4662 (—59) 18,624 (+59)

Dutch donors: Full model

Predicted deferral Predicted non-deferral
True deferral 3762 957
True non-deferral 56,676 145,549

Predicted deferral Predicted non-deferral
True deferral 3775 (+13) 944 (—13)
True non-deferral 55,203 (—1473) 147,022 (+1473)

Note: Numbers are summed over both sexes and over all sub-models SVM-1 through SVM-5. Observations that can be predicted with multiple sub-models
are included in the most complex sub-model.
Abbreviation: SVM, support vector machines.

deferrals to be predicted correctly, while 59 (0.3%) more non-

deferrals are predicted correctly. These improvements were all for

female donors; at the chosen threshold values, no net changes in

the confusion matrix were seen for male donors. In the Dutch data,
13 (0.3%) more deferrals, as well as 1473 (1.0%) more non-

deferrals, are predicted correctly by the full model as compared

with the reduced model.

Note that the large increase in AUPR for Finnish male donors,
class deferral, is not reflected in the confusion matrices. The PR curve
in Figure 2 shows that the AUPR increase is due to higher precision in
the full model between a recall of O and 0.2. However, the optimal
classification threshold that is used by the models corresponds to a
recall of 0.7, at which point precision in the full model is exactly equal

to precision in the reduced model.
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FIGURE 3 Shapley Additive exPlanations (SHAP) plots for the full models on Dutch (top row) and Finnish (bottom row) data, for women (left

column) and men (right column) separately. SVM, support vector machines.

Variable importance

For all sub-models, SHAP values show the importance of the different
predictor variables on the predicted outcome. Figure 3 shows SHAP
plots of the sub-model SVM-5 of the full model, separately for both

sexes and countries.

These plots show that in both countries and for both sexes, the
most important predictor variable is HbPrev1, that is, the most recent
haemoglobin measurement. The direction of the association between
the impact on the model output and the feature value for all HbPrevi
variables is sensible: a lower haemoglobin measurement is predictive

of deferral. Age is a more important predictor variable for women than
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TABLE 4 Sample sizes, deferral rates and precision and recall of outcome class deferral for subsets of donors based on values for four SNPs

(single-nucleotide polymorphisms).

SNP Minor alleles N Deferral rate
SNP 1:169549811 0 22,810 0.022
SNP 6:32617727 lor2 1005 0.026
0 7268 0.021
1 11,908 0.022
2 4639 0.026
SNP 15:45095352 0 20,831 0.022
lor2 2984 0.022
SNP 17:58358769 0 23,427 0.021
lor2 388 0.077
Total - 23,815 0.022

Precision (class deferral) Recall (class deferral)

Reduced model Full model Reduced model Full model
0.073 0.073 0.686 0.702
0.087 0.095 0.692 0.692
0.063 0.067 0.573 0.587
0.072 0.074 0.704 0.742
0.092 0.081 0.790 0.756
0.073 0.073 0.676 0.691
0.080 0.080 0.758 0.773
0.071 0.071 0.683 0.687
0.156 0.129 0.733 0.933
0.074 0.074 0.686 0.701

for men in both countries, which is known from previous studies:
young women have the highest probability of being deferred because
of low haemoglobin, due to monthly iron loss with menstruation.

The additional genetic and ferritin variables for either country
end up rather low in the variable importance ranking. The importance
of all polygenic risk score and SNP variables in the Finnish models is
very low. However, having the minor allele present in either SNP
6:32617727, SNP 15:45095354 or SNP 17:58358769 impacts the
model output negatively. This effect is more pronounced in male than

female donors.

Subgroup analysis in Finnish data

To further investigate the effect of the SNPs on deferral prediction,
model performance was calculated for groups of donors with the
same value for one SNP at a time. Donors with values 1 and 2 are
grouped together, as the proportion of donors with value 2 is
extremely low, except for the SNP on chromosome 6.

Table 4 shows that for the SNPs on chromosomes 1, 6 and
17, deferral rates are higher among donors with one or two minor
alleles than in donors with only major alleles. As these SNPs are
selected because of their association with iron deficiency or anae-
mia, this is to be expected. Additionally, precision and recall of
class deferral are generally higher for donors with minor alleles
than for those without, for both the reduced and full models. The
SNP 17:58358769 shows this same trend, but the difference
between donors with and without minor alleles is much larger. Pre-
cision in this subgroup is about twice as high as the overall preci-
sion in both the reduced and full model. The increase in recall
between the full and reduced model (which changes from 0.733 to
0.933) is the highest of all subgroups.

An additional analysis on the distribution of haemoglobin mea-
surement per donor showed that the higher deferral rate among
donors with minor alleles on SNP 17:58358769 can be explained

through a combination of a slightly lower average haemoglobin level
and a slightly higher variance. This causes these donors to have a
slightly higher deferral probability (median 32.6% for donors without
minor alleles, median 36.6% for those with minor alleles). This differ-

ence was not observed for the other SNPs.

Subset analysis in Dutch data

Similar to the subset analysis in Finnish data, model performance was
calculated for groups of donors with similar ferritin levels: <15, 15-30,
30-50, 50-100 and >100 pg/L. The first two groups are those that
would be deferred for 12 or 6 months, respectively, in accordance with
Sanquin’s ferritin deferral policy.

Table 5 shows that precision and recall are highest for donors
with ferritin levels between 30 and 50 pg/L. This is also the group of
donors with the highest deferral rate: 3.2%, versus an overall deferral
rate of 2.3%. The fact that this group has the highest deferral rate,
and not donors with lower ferritin levels, can be explained by the fact
that donors with ferritin levels below 30 pg/L were deferred for
6 months (12 months for ferritin levels below 15 pg/L) in accordance
with Sanquin’s ferritin deferral policy. This delay for the next donation
provides the donors with sufficient time to replenish their iron stores
and therefore reduces the deferral probability. Hence, donors with
ferritin levels just above the ferritin-deferral threshold will have the
highest haemoglobin-deferral rate, as they have neither the advantage
of the donation break nor that of a very high ferritin level, which also

protects against low haemoglobin levels.

DISCUSSION

Predicting deferral for low haemoglobin levels is a topic of interest to
many blood banks, as accurate predictions could aid in decreasing

deferral rates. This study investigates the added value of including
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TABLE 5 Sample sizes, deferral rates and precision and recall of outcome class deferral for various subsets of donors based on their ferritin

level.
e T N . Precision (class deferral) Recall (class deferral)
Hb only model All variables Hb only model All variables

<15 pg/L 7172 0.022 0.054 0.054 0.700 0.681
15-30 pg/L 19,903 0.022 0.058 0.056 0.744 0.783
30-50 pg/L 62,140 0.032 0.082 0.079 0.815 0.833
50-100 pg/L 65,141 0.024 0.064 0.063 0.798 0.799
>100 pg/L 52,588 0.010 0.033 0.040 0.801 0.730
Total 206,944 0.023 0.062 0.064 0.797 0.800

Abbreviation: Hb, haemoglobin.

information on the donor’s ferritin level or iron-related genetic infor-
mation to improve haemoglobin deferral prediction. This is done by
comparing prediction models with and without information on genetic
markers and ferritin levels for the Finnish and Dutch blood bank,
respectively. The reduced models (i.e., without the additional informa-
tion) use the exact same predictor variables in both countries. The
increase in AUPR is larger for adding genetic markers than it is for
adding ferritin levels. Especially for the Finnish male donors, including
genetic markers in the prediction model improves the ability of the
model to distinguish between the two outcome classes, although at
the optimal classification threshold precision and recall do not
increase from the reduced model. The SHAP values of the predictions
by the full models in both countries show that both genetic markers
and ferritin levels have a much smaller impact on the prediction than
the variables included in the reduced models, as confirmed by the
modest increase in AUPR between the reduced and full models.

Overall, including either genetic or ferritin information has little
effect on the predictions made by the models. Both increase the pro-
portion of deferrals that are predicted correctly: 1.9% and 0.3% more
deferrals are correctly identified in the Finnish and Dutch setting,
respectively, when the full model is used rather than the reduced
model. However, we found that in both countries, there is a subgroup
of donors for which the full model performs substantially better than
the reduced model. These are Finnish donors with minor alleles on
SNP 17:58358769 and Dutch donors with ferritin levels between
30 and 50 pg/L. In both cases, these are subgroups of donors with a
higher than average deferral rate. Performance for these subgroups is
already higher than average in the reduced model, but when using the
full model this difference increases even further.

Other studies have shown that previous haemoglobin measure-
ments are the most influential predictors for haemoglobin deferral.
Including lifestyle behaviour, smoking, ethnicity or menstruation in
prediction models also improves performance, but only marginally [4].
A Finnish study showed that genetic information does not improve
the predictive performance of haemoglobin levels (as opposed to hae-
moglobin deferral) [9]. This study confirms that the performance of
prediction models increases slightly when either ferritin or genetic
information is added. Still, considering the large number of donation

visits blood banks receive yearly, even a small increase could

potentially prevent hundreds of deferrals. It should be noted that the
Finnish population is more genetically homogenous than in other
countries and that they are also genetically distinct from other coun-
tries due to several historic population bottlenecks and geographical
isolation [10]. According to the Genome Aggregation Database
(gnomAD) [11], the SNP 17:58358769 minor allele frequency in the
Finnish population is 0.0147 but only 0.0007 in the European
(non-Finnish) population. It is not found in any other populations and
was discovered by an iron deficiency GWAS in the FinnGen pro-
ject [7]. This means that findings on Finnish genetic data may not be
representative for other countries, but analyses in other populations
may discover similar population-specific variations that may make the
use of genetic data more beneficial.

The main limitation of this study is that the effect of including fer-
ritin and genetic information is studied in two different countries,
rather than in a single population. By comparing against the reduced
model and reporting the relative increase in performance, we attempt
to mitigate this limitation. The very similar adjusted AUPRs of the
reduced models and the similarity in SHAP values of the models indi-
cate that the countries are rather comparable. A second limitation is
that all Dutch donors could be included in this study but only Finnish
donors from the Blood Service Biobank, as genetic information is not
available for other donors.

In general, we again confirm that accurately distinguishing defer-
rals from non-deferrals by predictive modelling is a complex task that
comes at the cost of losing a substantial number of successful dona-
tions by incorrectly predicting them to be deferrals. A major reason
for the low performance of our prediction models is the measurement
variability, partly caused by the (pre-) analytical variability of the capil-
lary haemoglobin measurements [12]. As long as we try to predict an
outcome that is highly variable, the performance of any prediction
model will remain unsatisfactory, regardless of the number of predic-
tor variables included.

However, in the absence of a better measurement or decision
strategy, it is worthwhile investigating which information would lead
to better haemoglobin deferral predictions, as it still leads to a better
understanding of the underlying process(es). Based on our results, we
would recommend including ferritin and genetic information in

prediction models in case these are readily available. Compared

85U8017 SUOWILLOD BAERID B|qedl|dde au3 Ag peusnob 8e SopILE YO ‘B8N JO s3I J0} ARIq1T BUIIUO 4811/ UO (SUORIPUOD-PUR-SWR}WD™ A8 1M Ae1d 1)U 1 UO//SANU) SUORIPUOD PU SWB L 83 885 *[5202/20/72] U0 ARiqiauluo Ao|im ‘Iuewiedsd SRS 7 S90IN0say-3 AISIOAIN [PUI0D Aq LTSET XOATTTT 0T/10p/L0Y" A|1mAseiq1 Ul |UO//SdRY Woi) papeoiumod ‘0T ‘€202 ‘0TOEZrT



VINKENOOG ET AL.

MVOX Sa n g u i n iS q%_jDTU—) Lr;teEvlzzgoTna\ S?C\e(y

with the reduced model, including genetic information would have
resulted in 7 fewer deferrals and 59 more donations in 1 year, at a
cost of genotyping approximately 24,000 donors. Including ferritin
levels results in 13 fewer deferrals and 1473 more donations in
1 year, and although measuring ferritin levels is less expensive
than genotyping, this measurement must be repeated regularly
whereas genotyping has to be performed only once for each
donor. We would therefore not recommend collecting this infor-
mation explicitly for the use in haemoglobin deferral prediction, as
the marginal increase in performance is not likely to be worth the

investment of both time and money.
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Background and Objectives: Blood donor variability can affect the storage properties
of packed red blood cells (PRBCs). This study aimed to determine the association of
donor characteristics with in vitro storage haemolysis of PRBCs.

Materials and Methods: In the prospective observational study, a total of 109 whole
blood donors were enrolled using the purposive sampling method. A pre-donation
sample was collected for haemoglobin (Hb) and serum uric acid (UA) levels. PRBC ali-
quots were tested for potassium, lactate dehydrogenase (LDH), Hb, haematocrit,
plasma Hb and haemolysis on days 1, 21 and 35 of storage. The association of these
parameters with donor age, sex, donation status, dietary pattern and body mass
index was determined.

Results: Mean haemolysis was significantly higher in PRBCs from donors with UA levels
<6 mg/dL than donors with UA levels >6 mg/dL on day 35 of storage (0.22 + 0.11
vs. 0.18 + 0.07, p = 0.03). Median plasma Hb (mg/L) was significantly higher in PRBCs
from first-time donors on day 21 (586 vs. 509, p = 0.05) and day 35 (1507 vs. 1358,
p = 0.02) of storage in comparison to frequent donors. Significantly higher mean
potassium (p = 0.04 day 1; p = 0.02 day 21) and median LDH values (p = 0.02 day 1,
p = 0.05 day 21) were observed in PRBCs from male donors. A statistically significant
positive association was observed between donor UA and LDH levels of PRBCs on day
35 of storage (3 coefficient: 715.52, p-value: 0.003) on multiple regression analysis.

Conclusion: In vitro haemolysis of PRBCs is affected by blood donor characteristics.

Keywords
donor characteristics, packed red blood cells, storage haemolysis

Highlights

o A significantly higher rate of haemolysis was observed in packed red blood cells (PRBCs)
from donors with low uric acid (UA) levels during the storage period.

e The median plasma haemoglobin level was significantly higher in PRBCs from first-time
donors on days 21 and 35 of storage.

o A statistically significant positive association was observed between donor UA levels and lac-

tate dehydrogenase levels in PRBCs on day 35 of storage on multiple regression analysis.
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INTRODUCTION

Packed red blood cells (PRBCs) are the most frequently transfused
blood product in foetal and neonatal medicine, high-risk obstetric
care, trauma, surgery, cancer, haematological diseases and degenera-
tive conditions [1]. During storage, red blood cells (RBCs) undergo
numerous time-dependent structural and biochemical changes that
can adversely affect their post-transfusion recovery and also increase
the risk of adverse reactions in the recipients. These time-dependent
modifications and deterioration in a PRBC unit are collectively known
as RBC storage lesions. These RBC storage lesions can lead to haemo-
lysis, the release of potassium and micro-particle accumulation, result-
ing in reduced post-transfusion survival [2]. The exact mechanisms
behind these storage lesions are uncertain, but the donor variation
effect that refers to substantial donor-to-donor differences is one of
the important contributing factors [3].

Inherent inter-donor variability plays an important role in deter-
mining the quality of PRBCs. Studies have found that PRBC products
prepared from male blood donors consistently have higher haemoly-
sis compared with their female counterparts, due to higher testoster-
one levels, which increases RBCs' susceptibility to haemolysis [3, 4].
In addition, a protective effect of progesterone has also been dem-
onstrated on the red cell membrane [5]. The rate of PRBC haemoly-
sis has been observed to differ with age in males and females [6, 7].
The frequency of blood donation has also emerged as one of the
possible factors affecting red cell susceptibility to storage and
stress-induced haemolysis [8]. Dietary habits can also affect RBC
quality by affecting donor haemoglobin (Hb) and plasma antioxidant
levels [9, 10]. A study was conducted to compare the effect of vege-
tarian and non-vegetarian diets on lipid peroxidation and antioxidant
status. The authors observed a significant decrease in antioxidant
glutathione peroxidase and non-enzymatic antioxidants in individ-
uals consuming a non-vegetarian diet as compared with those con-
suming a vegetarian diet (p < 0.001) [11]. Blood donor body mass
index (BMI) may alter the RBCs’ susceptibility to peroxidation and
free radical-induced haemolysis [12]. Uric acid (UA) acts as a major
in vivo scavenger of hydroxyl/oxygen radicals and other intracellular
reactive oxidant species [5]. According to a study, PRBCs donated by
regular donors with higher UA levels (7.56 + 0.59 mg/dL) showed
decreased RBC haemolysis than regular donors with lower UA levels
(6.01 + 0.63 mg/dL) [13].

The relationship between blood donor characteristics and RBC
haemolysis remains partly investigated. Therefore, the present study
aimed to determine the association of blood donor characteristics

with in vitro haemolysis in PRBCs during storage.

MATERIALS AND METHODS

The present prospective observational study was conducted in a
tertiary care hospital over a period of 12 months from April 2020 to
April 2021. The study was approved by the Institute Ethics
Committee (No. GMCH/IEC/2019/150 dated 17 December 2019)

and written informed consent was obtained from blood donors.
Whole blood donors who approached the department either
in-house or in outdoor blood donation camps during this period
were screened as per the National Regulatory Authority [14].
A total of 109 blood donors were selected using a purposive sam-
pling method. Blood donors not meeting eligibility criteria, where
blood was not collected by single venepuncture, under or over-
collected bags, blood bags reactive for any transfusion-transmitted
infection (TTI), and technical errors during component preparation
were excluded from the study. Blood donor characteristics such
as age, sex, donation frequency, dietary pattern, height and weight
(for BMI calculation) were recorded on pre-structured donor
proforma.

Pre-donation blood donor sample

A pre-donation sample was taken from the enrolled study subjects in
ethylene diamine tetraacetic acid (EDTA) and plain vial. The EDTA
sample was subjected to pre-donation Hb measurement using a cell
counter (LH 780, Beckman Coulter India Pvt. Ltd., Mumbai, India). The
serum from a plain vial was separated using a tabletop centrifuge at
2000g for 3 min (Remi Elektrotechnik Ltd., Mumbai, India). Serum UA
levels were estimated using a Chemistry analyser (AU5800, Beckman
Coulter India Pvt. Ltd., Mumbai, India).

Blood collection

Whole blood was collected from enrolled blood donors in double
blood bags (top and top blood bags with 350 mL capacity) containing
49 mL citrate phosphate dextrose adenine (CPDA-1) anticoagulant
(Terumo Penpol, Thiruvananthapuram, India) via single clean vene-
puncture. The whole blood collected was then transported to the
component preparation laboratory in transport boxes maintaining
the cold chain. PRBCs and fresh frozen plasma were prepared on the
same day within 6 h of collection by the same trained dedicated
medical technologist as per the departmental standard operating
procedure. The PRBCs were non-leukoreduced and suspended in
plasma to maintain a haematocrit of 65%-70%. On the same day,
50 mL aliquots were prepared from the PRBC units using a sterile
connecting device (Terumo Penpol, Thiruvananthapuram, India). The
transfer bag aliquots (Terumo Penpol, Thiruvananthapuram, India)
were stored under the same storage conditions at 2-6°C. The
remaining PRBC units were transferred to the inventory for issuing

to patients.

Aliquot sampling

Sampling from the aliquot was done after stripping the bag thrice
using a tube stripper (Terumo Penpol, Thiruvananthapuram, India), to

ensure a representative sample of the bag. Samples from these PRBC

85U8017 SUOWILLOD BAERID B|qedl|dde au3 Aq peusnob ae SoPILE YO ‘B8N JO S9N J0j ARIq1T BUIIUO 4811/ UO (SUORIPUOD-PUR-SWR}WD™ A 1M Ae1d 1|oU1UO//SANU) SUORIPUOD PU SWB L 83 885 *[5202/20/72] Uo ARiqiaulu Ao|im ‘Juewiedsd SRS 7 S90IN0say-3 AISIBAIN [PUI0D Aq LOSET XOATTTT 0T/10p/L0" AB|1mAseiq1jpul|UO//SdRY WOI) papeoiumoq ‘0T ‘€202 ‘0TYOEZrT



DONOR CHARACTERISTICS AND IN VITRO HAEMOLYSIS OF PACKED RED BLOOD CELLS

aliquots were tested on days 1, 21 and 35 of storage. Hb and haema-
tocrit were measured using a cell counter (LH 780, Beckman Coulter
India Pvt. Ltd., Mumbai, India). PRBC samples were subsequently cen-
trifuged at 2000g for 3 min and the supernatant was subjected to
potassium and lactate dehydrogenase (LDH) levels using a Chemistry
analyser (AU5800, Beckman Coulter India Pvt. Ltd., Mumbai, India) on
the same day.

Plasma Hb was measured using the peroxidase method [15]. In
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molecule is utilized. It brings about the oxidation of benzidine by
hydrogen peroxide to give a green colour, which changes to blue
and green and finally reddish violet. The intensity of the colour
developed is read photometrically at 515 nm.

Storage haemolysis was calculated using the formula [8]:

(100 — haematocrit) x plasmaHb (g/dL)

this method, the peroxidase activity of the haem portion of the Hb Storage haemolysis (%) = Hb of PRBC (g/dL)
TABLE 1 Packed red blood cell (PRBC) parameters during storage.
Parameters Day 1 Day 21 Day 35 p-value*
Potassium (mEq/L), Mean + SD 795+ 256 51.57 +10.49 72.37 £ 11.96 <0.01
LDH (U/L), Median (IQR) 590 (472-970) 3023 (2256-3848) 6132 (5127-8747) <0.01
Plasma Hb (mg/L), Median (IQR) 103 (62-155) 563 (432-700) 1450 (1220-1696) <0.01
Haemolysis (%), Mean + SD 0.02 +0.02 0.08 + 0.06 0.2 +0.09 <0.01
Abbreviations: Hb, haemoglobin; IQR, interquartile range; LDH, lactate dehydrogenase; SD, standard deviation.
*Using repeated measures ANOVA.
TABLE 2 Donor characteristics and potassium levels (mEq/L) of packed red blood cells (PRBCs) during storage.
Parameter Day 1 Day 21 Day 35
Age (years)
18-34 years (n = 56), Mean + SD 8.25+ 282 51.38 +11.24 73.04 +£12.54
35-65 years (n = 50), Mean + SD 7.61+221 52.00 +9.74 7141 +11.71
p-value* 0.20 0.76 0.49
Sex
Male (n = 98), Mean + SD 8.09 + 2.59 52.38 + 10.52 72.92 +12.24
Female (nh = 8), Mean = SD 6.20 + 1.15 43.01 £ 5.51 64.32 +7.26
p-value* 0.04 0.02 0.05
Donation status
FTD (nh = 52), Mean + SD 8.17 £ 2.56 51.03 + 10.85 72.50 + 11.45
FD (n = 54), Mean + SD 7.73 £ 2.57 52.59 +10.24 72.05 + 12.85
p-value* 0.38 0.54 0.85
Dietary pattern
VD (n = 36), Mean + SD 7.78 £2.19 49.69 + 8.02 69.48 +£9.11
NVD (n = 70), Mean * SD 8.04+274 52.46 +11.43 7371 +13.25
p-value* 0.62 0.20 0.09
BMI (kg/m?)
HWD (n = 48), Mean = SD 7.90 + 2.66 50.38 +11.41 72.59 + 12.38
OWD (n = 58), Mean + SD 7.98 £ 2.50 52.74 + 9.68 72.01 +12.02
p-value* 0.87 0.25 0.81
Uric acid (mg/dL)
<6 mg/dL (n = 51), Mean = SD 7.74 £242 49.78 £ 7.75 69.58 + 9.83
>6 mg/dL (n = 55), Mean + SD 8.14 + 2.69 53.43 +12.36 74.77 + 13.54
p-value* 0.66 0.07 0.03

Note: Bold p-values indicate statistically significant results.

Abbreviations: BMI, body mass index; FD, frequent donor; FTD, first-time donor; HWD, healthy weight donor; NVD, non-vegetarian donor; OWD,

overweight obese donor; SD, standard deviation; VD, vegetarian donors.
*p-value calculated using Student’s t-test.
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Categorization for analysis

Blood donors were categorized into <35 (young) and >35 years (old)
based on age; sex (male and female donors); first-time (blood donors
who have not donated whole blood till date) and frequent (blood
donors who have donated whole blood earlier at least once in the
preceding year) based on donation status; vegetarian (never con-
sumed non-vegetarian food in their life) and non-vegetarian based
on dietary pattern, and healthy (BMI between 18.5 and 24.9 kg/m?)
and overweight (BMI = 25.0 kg/m?) based on BMI [16]. The UA cut-
off level for analysis was 6 mg/dL based on laboratory reference
range for ease of comparison amongst study subjects (males: 2.4-
7 mg/dL, females: 2.4-5.7 mg/dL). The association of donor factors
was then analysed with PRBCs potassium, LDH, plasma Hb and per-
centage haemolysis throughout storage. Percentage haemolysis is a
parameter calculated using haematocrit, plasma Hb and Hb of PRBC,
while a change in the levels of potassium, LDH and plasma Hb in
PRBCs is a direct indicator of red cell lysis and hence, these parame-

ters were selected for analysis.

Statistical analysis

As per the Drugs and Cosmetics Act, only 1% of the PRBCs and com-
ponents prepared are subjected to quality control [13]. Considering an
annual blood collection of 22,000 units, the sample size came out to
be 92 subjects at a confidence level of 95% and a margin of error of
7.5%. For possible attrition, it was decided to include 10% extra sub-
jects so the final sample size target was 100 subjects. A total of
109 blood donors were recruited, and data from 106 blood donors
were analysed.

Data were compiled using MS Excel and analysis was performed
using the Statistical package SPSS-20. For normally distributed quanti-
tative variables, mean and standard deviation (SD) were used, while,
for skewed data, median with an interquartile range was used. Blood
donor characteristics and laboratory values of the blood donors or
PRBCs were compared using parametric and non-parametric tests as
appropriate: Student’s t-test, and Mann-Whitney U test. Repeated
measures analysis of variance (ANOVA) was applied for intergroup

comparisons. Multiple regression analysis was performed to

TABLE 3 Blood donor characteristics and lactate dehydrogenase (LDH) levels (U/L) of packed red blood cells (PRBCs) during storage.

Parameter Day 1

Age (years)
18-34 years (n = 56), Median [IQR]
35-65 years (n = 50), Median [IQR]
p-value*

Sex
Male (n = 98), Median [IQR]
Female (n = 8), Median [IQR]
p-value*

Donation status
FTD (n = 52), Median [IQR]
FD (n = 54), Median [IQR]
p-value*

Dietary pattern
VD (n = 36), Mean = SD
NVD (nh = 70), Mean * SD
p-value**

BMI (kg/m?)
HWD (n = 48), Median [IQR]
OWD (n = 58), Median [IQR]
p-value*

Uric acid (mg/dL)
<6 mg/dL (n = 51), Median [IQR]
>6 mg/dL (n = 55), Median [IQR]

p-value*

731 [471-1004]
578 [468-972]
0.24

616 [481-984]
452 [414-536]
0.02

686 [473-1042]
578 [469-909]
0.401

747 £ 481
830 + 641
0.5

590 [409-1043]
590 [510-953]
0.43

570 [458-980]
731 [497-972]
0.82

Day 21

3100 [1985-3985]
2960 [2348-3722]
0.92

3045 [2302-3981]
2291 [1935-2928]
0.05

2799 [1854-3627]
3323 [2802-4407]
0.006

3769 £ 2091
3184 + 1575

0.11

2784 [1855-3586]

3323 [2774.50-4443]

0.003

2829 [2180-3630]
3150 [2563-4428]
0.67

Day 35

6142 [4839-9085]
6121 [5235-7731]
0.94

6212 [5129-8901]
5294 [4249-6106]
0.06

5760 [4680-7833]
6550 [5559-9168]
0.06

7234 £ 3270
6690 + 2982

0.39

5979 [4175-8048]

6192.50 [5469-9168]

0.08

5705 [4570-7443]
6700 [5652-9399]
0.43

Note: Bold p-values indicate statistically significant results.

Abbreviations: BMI, body mass index; FD, frequent donor; FTD, first-time donor; HWD, healthy weight donor; IQR, interquartile range; NVD, non-
vegetarian donor; OWD, overweight obese donor; SD, standard deviation; VD, vegetarian donors.

*p-value using Mann-Whitney test.
**p-value calculated using Student’s t-test.
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determine the association of donor characteristics with indicators of
PRBC haemolysis on day 35 of storage. The p-value <0.05 was con-

sidered statistically significant.

RESULTS

Donor characteristics

Of 109 blood donors enrolled, 3 blood donors were excluded:
1 blood donor unit was HIV reactive and the other 2 donor units
were under-collected. Data from 106 blood donors were included
in the study.

In the present study, the majority were male (n = 98, 92.5%) and
frequent (n = 54, 50.9%) blood donors. The mean age of the study
population was 35.07 + 9.8 years with a range of 19-60 years. Of
54 frequent blood donors, 94.4% (n = 51) had a donation frequency
of three times in a year. Of 106 blood donors, 54.7% were overweight
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(n=58) and 66% were non-vegetarians (n = 70). The majority
(n = 55, 51.8%) of donors had serum UA levels >6 mg/dL with a mean
value of 6.0 £ 1.25 mg/dL (range: 2.8-9.6 mg/dL).

The mean pre-donation Hb of donors was 14.75 + 0.19 g/dL
(males: 15.4 + 0.51 g/dL; females: 12.5 + 0.12 g/dL). The mean Hb of
PRBCs was 22.4 + 2.4 g/dL (males: 23.2 + 3.2 g/dL; females: 19.5
+0.6 g/dL).

PRBC storage parameters

Mean potassium, median LDH, median plasma Hb and mean storage
haemolysis of PRBCs were observed to increase over storage. Hae-
molysis in the PRBCs did not exceed the permitted limit of 0.8%
throughout the storage. Repeated measures ANOVA for potassium,
LDH, plasma Hb and haemolysis were statistically significant along
with inter-group comparisons from days 1 to 21, 21 to 35 and 1 to
35 (p-value < 0.01) as shown in Table 1.

TABLE 4 Donor characteristics and plasma haemoglobin levels (mg/L) of packed red blood cells (PRBCs) during storage.

Parameter Day 1

Age (years)

Day 21 Day 35

18-34 years (n = 56), Median [IQR]
35-65 years (n = 50), Median [IQR]

p-value*

Sex
Male (n = 98), Median [IQR]
Female (n = 8), Median [IQR]
p-value*

Donation status
FTD (n = 52), Median [IQR]
FD (n = 54), Median [IQR]
p-value*

Dietary pattern
VD (n = 36), Mean = SD
NVD (n = 70), Mean + SD
p-value**

BMI (kg/m?)
HWD (n = 48), Median [IQR]
OWD (n = 58), Median [IQR]
p-value*

Uric acid (mg/dL)
<6 mg/dL (n = 51), Median [IQR]
>6 mg/dL (n = 55), Median [IQR]

p-value*

98 [62.33-153.45]
103.80 [60-154.20]
0.02

99.5 [60.63-148.20]
148.65 [51.48-180.72]
041

88.20 [46.15-146.60]
106.55 [72.32-154.20]
0.20

127.26 + 103.82
161.86 + 222.41
0.38

103.40 [43.95-176]
100.70 [66.00-146.02]
0.79

97 [63-146.60]
105.30 [60-153.60]
0.82

527.05 [368.12-725.19]
557.40 [450.62-645.25]
0.09

543.05 [382.02-674.00]
527.80 [289.75-784.50]
0.96

586.30 [369.12-890.25]
509.50 [388.18-605.75]
0.05

586.52 + 386.94
706 + 615.72
0.29

591.20 [376.75-900]
499.50 [381.28-615.50]
0.01

566.60 [358.60-780]
534.50 [394-672]
0.67

1380.50 [1191.82-1565.50]
1499.50 [1220.92-1805.75]
0.25

1450.30 [1186.82-1711.75]
1442.25 [1363.75-3050.00]
0.36

1507 [1297.38-1892.90]
1358 [1145.15-1558.25]
0.02

1453.53 + 418.10
1668.43 + 802.53
0.14

1457.70 [1251.25-1851.75]
1378.50 [1147.65-1613.50]
0.13

1450 [1255.60-1765]
1435 [1160-1699]
0.43

Note: Bold p-values indicate statistically significant results.

Abbreviations: BMI, body mass index; FD, frequent donor; FTD, first-time donor; HWD, healthy weight donor; IQR, interquartile range; NVD, non-
vegetarian donor; OWD, overweight obese donor; SD, standard deviation; VD, vegetarian donors.

*p-value using Mann-Whitney test.
**p-value calculated using Student’s t-test.
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Association of donor characteristics with potassium
levels of PRBCs during storage

Significantly higher mean potassium values were observed in PRBCs
from male donors than female donors on all days of storage (p-value:
0.04 day 1; 0.02 day 21; 0.05 day 35) and donors with higher UA
values (>6 mg/dL) than donors with UA values <6 mg/dL on day 35 of
storage (p-value: 0.03, Table 2).

Association of donor characteristics with LDH levels
of PRBCs during storage

Median LDH values of PRBCs were significantly higher in male donors
on day 1 (p-value: 0.02) and day 21 (p-value: 0.05) of storage and
were also higher on day 35 though the difference was not statistically
significant (p-value: 0.06). PRBCs from first-time donors had higher
median LDH values on day 1 of storage while over the storage period,
the values were greater in frequent donors with a significant differ-
ence on day 21 of storage (p-value: 0.006). PRBCs from overweight

donors had higher median LDH values on days 21 and 35 of storage,
and the difference was significant on day 21 (p-value: 0.003, Table 3).

Association of donor characteristics with plasma Hb
levels of PRBCs during storage

Median plasma Hb values were higher in PRBCs from older donors
throughout the storage period and the difference was statistically
significant on day 1 (p-value: 0.02). Plasma Hb values were also sig-
nificantly higher in first-time donors as compared with frequent
donors on day 21 (p-value: 0.05) and day 35 (p-value: 0.02) of stor-
age. Plasma Hb values were higher in PRBCs derived from healthy
weight donors as compared with overweight donors throughout the
storage period and the difference was statistically significant on day
21 of storage (p-value: 0.01). PRBCs from donors with UA levels
<6 mg/dL had lower median plasma Hb on day 1 of storage. How-
ever, over the storage period, the plasma Hb values from blood
donors with lower UA levels increased but were statistically non-
significant (Table 4).

TABLE 5 Donor characteristics and storage haemolysis (%) of packed red blood cells (PRBCs) during storage.

Parameter Day 1

Age (years)

18-34 years (n = 56), Mean + SD 0.019 £ 0.02
35-65 years (n = 50), Mean + SD 0.020 £ 0.02
p-value* 0.99

Sex
Male (n = 98), Mean + SD 0.019 £ 0.02
Female (h = 8), Mean = SD 0.025 + 0.01
p-value* 0.49

Donation status
FTD (h = 52), Mean + SD 0.020 + 0.02
FD (n = 54), Mean £ SD 0.018 + 0.02
p-value* 0.72

Dietary pattern
VD (n = 36), Mean + SD 0.018 + 0.02
NVD (nh = 70), Mean * SD 0.020 + 0.02
p-value* 0.7

BMI (kg/m?)
HWD (n = 48) Mean + SD 0.021 £ 0.02
OWD (n = 58) Mean * SD 0.018 + 0.02
p-value* 0.5

Uric acid (mg/dL)
<6 mg/dL (h = 51), Mean + SD 0.020 + 0.02
>6 mg/dL (n = 55), Mean = SD 0.020 + 0.02
p-value* 0.92

Day 21 Day 35
0.08 + 0.05 0.19 + 0.09
0.09 £ 0.07 0.21+£0.10
0.32 04

0.08 + 0.06 0.19 £ 0.08
0.10 + 0.08 0.30 £ 0.15
0.31 0.002

0.09 £ 0.07 0.22+0.11
0.07 + 0.05 0.18 + 0.08
0.08 0.43

0.076 + 0.05 0.19 + 0.06
0.086 = 0.07 0.20+0.11
0.48 0.46

0.099 = 0.08 0.22+0.12
0.069 + 0.04 0.18 + 0.07
0.02 0.07

0.09 + 0.08 0.22+0.11
0.07 £ 0.04 0.18 £ 0.07
0.09 0.03

Note: Bold p-values indicate statistically significant results.

Abbreviations: BMI, body mass index; FD, frequent donor; FTD, first-time donor; HWD, healthy weight donor; NVD, non-vegetarian donor; OWD,

overweight obese donor; SD, standard deviation; VD, vegetarian donors.
*p-value calculated using Student’s t-test.
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