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Abstract
Background: Previous studies suggest that blood donation 
impacts blood donors’ psychological state, with either posi-
tive or negative effects, such as feeling more energetic or 
more exhausted. It has not yet been described how long 
these effects last. Materials and Methods: This prospective 
cohort study consisted of a qualitative and a quantitative 
part: (1) Psychological characteristics which changed after 
blood donation were identified by structured interviews of 
regular whole blood donors (n = 42). Based on this, a ques-
tionnaire addressing 7 psychological dimensions was estab-
lished. (2) The psychological state of 100 blood donors was 
assessed after blood donation by applying the questionnaire 
15–30 min before and during donation, as well as 15–30 min, 
6 h, 24 h, 72 h, 1 week, and 8 weeks after donation. The re-
sulting changes were summarized to a score. Furthermore, 
potential correlations of the score with pre-donation blood 
pressure, hemoglobin, or body mass index were calculated. 
Results: Seven items were identified which changed in at 
least 25% of blood donors (mood, concentration, satisfac-
tion, resilience, spirit of initiative, physical well-being, ener-
gy level). In the 100 blood donors, the well-being score in-
creased (positive effects, n = 23), showed minor changes (n 
= 53), or decreased (negative effects, n = 24). The positive 
effects lasted for about 1 week and the negative effects for 3 

days. Conclusion: While the frequency of psychological ef-
fects following blood donation identified by our study was 
comparable to others, the changes of the psychological 
state in our donors were traceable for a longer period than 
previously acknowledged. © 2021 The Author(s).

Published by S. Karger AG, Basel

Introduction

Maintaining a sufficient blood supply is a constant 
challenge for transfusion medicine. This is especially true 
for societies with an aging population [1, 2]. The demo-
graphic change induces a shift from a younger to an old-
er population, leading to a decline of eligible donors [3–
5], while at the same time the increase in the elderly pop-
ulation will likely increase the demand for blood 
transfusion [4, 6–8]. A better understanding of the bio-
psychological and motivational factors of blood dona-
tion could help to establish new approaches to motivate 
and recruit blood donors. Many studies have addressed 
the motivational factors of blood donation [9–14] and 
adverse effects after blood donation [15–18]. However, 
only few investigations refer to positive psychological ef-
fects (in this study termed as “well-being”) after blood 
donation [13, 19–26]. Previous qualitative studies pro-
vided some insights into the psychological effects after 
blood donation. Sojka and Sojka [22] identified in a ret-
rospective study (with a self-administered questionnaire 
for 600 donors) the items “feeling of satisfaction,” “more 
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alert,” and “feeling generally better” as positive effects of 
blood donation, while other authors found an increase in 
the well-being of blood donors (n = 108) in contrast to a 
control group (n = 108) emerging within 24 h after blood 
donation using the Multidimensional Mood Question-
naire (MDMQ) [21, 27]. This questionnaire was also 
completed by first-time whole blood donors in a study 
from Jansen et al. [20], who found only minor changes in 
the donors’ well-being after blood donation. These 
changes in well-being were not associated with the return 
rate of donors. In a cross-sectional study from Denmark, 
61% of blood donors experienced donation-related ef-
fects. The authors used a structured questionnaire that 
included both psychological (e.g., “energy”) and physi-
ological (e.g., “dizziness,” “headache”) symptoms [24]. 
Another study by van den Hurk et al. [28] used self-ad-
ministered questionnaires to identify motivational fac-
tors and health characteristics in a representative cohort 
(n = 23,064) of the Dutch donor population. Positive ef-
fects (“feeling fit,” “less headache”) or negative effects 
(“lack of energy,” “dizzy”) after blood donation were re-
ported by 4.6% and 13.9% of donors, respectively. Pre-
donation symptoms (“headache,” “lack of energy”) oc-
curred in 2.8% of donors. Beside psychological effects, 
other variables are well known to influence blood donors 
or may have a potential impact on donor well-being. In 
women, a low hemoglobin level has been described to be 
associated with increased vertigo [22] and dizziness [28] 
after blood donation, while 2 other studies reported an 
association between high pre-donation hemoglobin val-
ues and negative adverse effects in blood donors [18, 29]; 
in addition, low blood pressure increases the risk for va-
sovagal reactions after blood donation [30, 31] and other 
negative post-donation symptoms [28]. Furthermore, 
positive effects after blood donation were seen predomi-
nantly in donors with higher body mass index (BMI) [24, 
28] and positive smoking status [24]. In this study, we 
present quantitative data on changes of the psychological 
state after blood donation using a newly established 
Well-Being Questionnaire (WBQ) and its application in 
a group of 100 regular blood donors with a follow-up of 
8 weeks.

Materials and Methods

This cross-sectional prospective study consisted of 2 parts and 
was performed during 5 consecutive months before the corona vi-
rus epidemic at the Department of Transfusion Medicine at the 
University Medicine Greifswald (18,500 whole blood donations/
year). All participants were eligible for whole blood donation ac-
cording to the national hemotherapy guidelines [30]. The study 
was approved by the local ethics committee of the University Med-
icine Greifswald and written informed consent was obtained from 
all participants.

Study – Part 1
Part 1 of this study was carried out to establish a questionnaire 

for the assessment of subjective changes in the well-being of 
whole blood donors after blood donation. Regular blood donors 
who had given at least 5 blood donations before were randomly 
asked in the waiting area of the blood donation center if they were 
willing to participate in an interview designed to yield informa-
tion about psychological and physiological changes they had per-
ceived after blood donation in the past. The interviews were con-
ducted by the same interviewer in a face-to-face setting, recorded, 
and paper-based documented. The participants were asked 
whether they did “feel better, unchanged, or worse” after donat-
ing blood with regard to 4 time periods (the first few hours after 
donation, the first day after donation, 1–2 weeks after donation, 
and 3–4 weeks after donation). Then, the participants were en-
couraged to describe the psychological and/or physiological 
changes they had experienced during previous blood donations 
using their own words. The aim was to identify yet unrecognized 
effects or behavioral changes after blood donation. After that, the 
participants were asked preselected questions on effects after 
blood donation described in the literature. These questions ad-
dressed 10 common mood- and behavior-related dimensions 
(physical fitness; concentration; physical well-being; energy level; 
mood; alterations in the sleep behavior; satisfaction; creativity; 
resilience; spirit of initiative) and the dimension of observer-re-
lated changes (reaction or comments of family members or 
friends about the own behavioral changes). Questions were, for 
example: “Did you experience changes in your concentration af-
ter blood donation; e.g., while driving, reading, at work/house-
keeping?” The recorded answers of participants were analyzed by 
the authors using a descriptive approach and frequencies of state-
ments were counted. The most frequently mentioned changes 
after blood donation were then used to develop quantitative 
questions for the WBQ (Fig. 1) used in study part 2. Also, addi-
tional adjectives (e.g., “more or less alert” for the item concentra-
tion) were given to allow an easier understanding of the items 
(Fig. 1). To enable participants to give quantitative “translations” 
of changes in their well-being (per each item) in comparison to 
the situation before blood donation, the items were presented on 
a scale. The scale ranged from –5 to +5; –5 was the maximal neg-
ative decline on the item and +5 the maximal increase, while 0 
indicated “no change” compared to the average well-being for the 
past 4–8 weeks before blood donation.

Study – Part 2
For part 2, regular whole blood donors with at least 3 previous 

blood donations were enrolled in the study before blood donation. 
Participants had to assess their well-being at 7 time points. During 
the first 3 time points, a paper-based version of the WBQ (Fig. 1) 
was filled in by participants in the donor clinic 15–30 min before 
the donation process, during the donation process, and 15–30 min 
after donation. Thereafter, the WBQ was applied by standardized 
telephone interviews with the participants at 5 different time 
points after blood donation (5–7 [mean 6] h after donation, 22–26 
[mean 24] h after donation, 3 days after donation, 1 week after do-
nation, and 8 weeks after donation). For easier understanding, par-
ticipants received a version of the WBQ for their own use at home. 
All interviews were performed by the same interviewer to reduce 
variability. The answers of the participants were documented in a 
database by the interviewer. Donors of part 2 received a remuner-
ation of EUR 15 after completed participation.

We also included additional variables known as potential con-
founders of well-being of blood donors: age, gender [18, 28, 30, 32], 
hemoglobin concentration [22], blood pressure [28, 33], and BMI 
[34].
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With the exception of blood pressure, the post-donation hemo-
globin and BMI were not expected to change within 1 week after 
blood donation. We did not include items such as perceived needle 
pain, personal satisfaction, or personal interaction with the donor 
clinic staff, because these items had not been mentioned during the 
qualitative interviews by more than 25% of the regular blood do-
nors. Furthermore, we had to keep the number of study questions 
within a manageable range during the multiple telephone inter-
views.

Analysis of the WBQ
To analyze the well-being after blood donation, the scores of 

the 7 items were summarized to the well-being score. At each time 
point, the well-being score could range from −35 (if all 7 items 
were judged “maximally negative”) to +35 (if all 7 items were 
judged “maximally positive”). The well-being score at each time 
point was compared with the baseline score. We calculated the 
baseline score from the well-being score obtained 15–30 min be-
fore blood donation and the well-being score obtained 8 weeks 
after blood donation divided by 2, as both the 15–30 min score and 
the 8 weeks score are very unlikely to be influenced by the blood 

donation. Then, we calculated a summary score for each donor. 
The summary score was obtained by subtracting the baseline score 
from the well-being scores obtained during the donation process, 
15–30 min, 6 h, 24 h, 3 days, and 1 week after donation. By this ap-
proach, a delta value was obtained for each time point (well-being 
score at time point minus baseline score). For example, if the well-
being score was 14 at 15–30 min before donation and 10 at 8 weeks 
after donation, the resulting baseline score was 12. If at 24 h after 
donation the well-being score was 4, this resulted in a delta of −8. 
If the well-being score at 1 week after donation was 20, this result-
ed in a delta of +8. All delta variables of an individual participant 
were aggregated to the summary score. Next, we sketched out a 
diagram for the donors with their well-being scores over time. Ac-
cording to the individual curve of the well-being score, we assigned 
the donors to 1 of 3 different effect groups (positive effects, no ef-
fects, and negative effects after blood donation) by visual mapping. 
This was performed independently by all study authors. In the few 
cases of discrepant grouping, consensus was obtained by discus-
sion. From the curves we then deducted the threshold values of the 
summary score for the 3 groups.

Fig. 1. Well-Being Questionnaire of study part 2. Instruction for participants: “Please fill out this questionnaire 
in the given scales. The 0 corresponds to the average level you would give yourself for the past 4–8 weeks.”
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Statistics
To summarize the different items of the WBQ to the well-being 

score, the internal consistency of the questionnaire was verified by 
Cronbach’s α coefficient (function of the number of test items and 
the average inter-correlation among the items) for the different 
time points. This coefficient displays excellent internal consistency 
for a questionnaire with α ≥ 0.9, good internal consistency with 0.7 
≤ α < 0.9, and acceptable internal consistency with 0.6 ≤ α < 0.7. 
The internal consistency for a questionnaire is usually considered 
to be insufficient at a Cronbach’s α ≤ 0.5 [35].

Differences between the 3 groups according to the summary 
score and differences in the characteristics of the participants (age, 
gender, blood pressure, day time of blood donation, hemoglobin 
concentration) were calculated by Kruskal-Wallis test or Mann-
Whitney U test; p values <0.05 were regarded as significant. Values 
are expressed as mean values ± standard deviation. Statistical anal-
yses were computed by SPSS 21 for Windows.

Results

Study – Part 1
For the qualitative study, we enrolled 24 females (mean 

age 42.67 ± 11.80 years; range 24–59) and 18 males (mean 
age 39.28 ± 8.58 years; range 25–50).

The frequency of the commonly experienced psycho-
logical and physiological dimensions described by the 
participants of part 1 were counted numerically (absent/
present). Seven of the described dimensions were experi-
enced after previous blood donations by at least 25% of 

the participants. These were mood (mentioned by n = 21 
blood donors), resilience (n = 20), spirit of initiative (n = 
12), concentration (n = 11), physical well-being (n = 24), 
energy level (n = 27), and satisfaction (n = 24). These di-
mensions were used to develop the WBQ for study part 2 
(Fig. 1).

Study – Part 2
A total of 104 regular whole blood donors were en-

rolled, of whom 4 participants were excluded from fur-
ther analysis because of missing data during the follow-up 
period. The characteristics of the 100 participants are 
shown in Table 1.

The Cronbach’s α coefficient of the WBQ (Table 2) ex-
ceeded 0.7 (range 0.911–0.795) in all analyses, which in-
dicates good internal consistency of the questionnaire 
across the investigation period or, in other words, the 
items in the WBQ all reliably measure the same latent 
variable (well-being).

According to the summary score, 23 donors showed 
positive effects on well-being after blood donation (ag-
gregated summary score between 15 and 86.5), 53 donors 
showed no effects (summary score between −6.4 and 
14.9), and 24 showed negative effects (summary score be-
tween −6.5 and −61.5). Representative examples for the 
individual curves of the well-being scores are shown in 
Figure 2a for a donor with positive effects, in Figure 2b 

Table 1. Characteristics of participants (N = 100)

Positive effects No effects Negative effects p value

n mean (±2 SD) n mean (±2 SD) n mean (±2 SD)

Sex Female 9 26 12 0.463
Male 14 27 12

Age, years 43.3 (±9.4) 42.9 (±11.7) 37.4 (±11.1) 0.122

Time of donation 9 a.m. to 1 p.m. 8 19 7 0.6801 p.m. to 5 p.m. 15 34 17

Systolic BP, mm Hg 129.3 (±12.2) 128.2 (±11.4) 124.4 (±10.6) 0.288
Diastolic BP, mm Hg 81.7 (±6.7) 82.5 (±6.8) 76.9 (±7.6) 0.006
Pre-donation hemoglobin concentration, g/dL 14.65 (±1.45) 14.49 (±1.29) 14.49 (±1.13) 0.606
Body mass index, kg/m2 26.6 (±3.1) 26.2 (±4.4) 25.7 (±4.0) 0.753
Number of previous donations 23.1 (±15.8) 19.7 (±13.5) 19.2 (±13.2) 0.636

SD, standard deviation. BP, blood pressure.

Table 2. Cronbach’s α score of the well-being measure with 7 items for the different time points

Time point −30 min 0 min 30 min 6 h 24 h 72 h 1 week 8 weeks

α 0.911 0.878 0.891 0.887 0.903 0.905 0.898 0.795
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for a donor without effects, and in Figure 2c for a donor 
with negative effects after blood donation. The respective 
kinetics of the well-being scores in the different study 
groups are shown in Figure 2d. Donors with positive ef-
fects had a significantly higher well-being score com-
pared to donors with no or negative effects already 15–30 
min after blood donation (Mann-Witney U test; p = 
0.031). Furthermore, this higher well-being score of do-
nors with positive effects lasted for a mean of 1 week after 
donation (Mann-Witney U test; p = 0.003). In contrast, 
donors with negative effects had a significantly lower 
well-being score from 6 h to 3 days after donation com-

pared to donors with positive (Mann-Witney U test; p = 
0.04) or no effects (p = 0.014). Overall comparison of the 
3 groups in a variance analysis showed significantly dif-
ferent well-being scores at the time points 15–30 min be-
fore blood donation (Kruskal-Wallis test; p = 0.016), 6 h 
(p = 0.007), 24 h (p = 0.003), 72 h (p = 0.002), and 1 week 
(p = 0.0011) after blood donation.

Participants with low diastolic blood pressure (<80 
mm Hg) prior donation had a higher risk for negative ef-
fects 15–30 min and 6 h after donation (Kruskal-Wallis 
test; p = 0.045 and p = 0.014) compared to blood donors 
with higher diastolic blood pressure (≥80 mm Hg, odds 

Fig. 2. a Individual curve of the well-being score over 8 weeks 
from a blood donor with positive effects after whole blood dona-
tion. b Individual curve of the well-being score over 8 weeks from 
a blood donor with no effects after whole blood donation. c Indi-
vidual curve of the well-being score over 8 weeks from a blood 
donor with negative effects after whole blood donation. d Sum-
mary of the well-being scores of the 3 study groups (n = 100). The 
well-being scores of each participant were determined by adding 
all item scores obtained at a certain day. Of the 100 enrolled blood 

donors, n = 23 showed positive effects on their well-being (sum-
mary score between 15 and 86.5); n = 53 donors showed no effects 
(summary score between −6.4 and 14.9); and n = 24 donors 
showed negative effects (summary score between −6.5 and −61.5). 
The changes in the well-being scores over the observation period 
are given as mean ± 2 SD. * indicates significant differences be-
tween the 3 groups. All data points refer to the time points given 
on the x-axis but are slightly moved in the graph for better read-
ability.
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ratio 5.32, 95% confidence interval 1.83–15.49). Further-
more, younger blood donors (≤35 years) had a lower well-
being score compared to blood donors >35 years of age 6 
h after donation (Kruskal-Wallis test; p = 0.006).

Donors with positive, negative, and no effects after do-
nation were similarly experienced with 23.1, 19.2, and 
19.7 previous blood donations, respectively, before study 
participation (Kruskal-Wallis test; p = 0.636). Thirty do-
nors in the study had equal or fewer than 10 whole blood 
donations before study participation Positive, negative, 
or no effects occurred after blood donation in this study 
in 5, 17, and 8 donors, respectively. Another 40 partici-
pants were experienced donors with more than 20 dona-
tions. Positive, negative, or no effects were reported in 
this subgroup by 11, 9, and 20 donors, respectively.

Discussion

In this study, we show that blood donation influences 
the well-being of donors over several days. About 25% of 
donors experienced a positive effect with a mean duration 
of 1 week, 25% of donors experienced a negative effect 
with a mean duration of 3 days, while in half of the do-
nors, blood donation had no effects on well-being.

These findings are very similar to those of other stud-
ies. Sojka and Sojka [22] identified donors with positive 
or negative and mixed positive and negative effects in 
29%, 19%, and 6% of donors, respectively, and observed 
no changes in well-being in about half of the donors [22]. 
Hinrichs et al. [21] also found positive (26.5%) and nega-
tive (23.5%) effects of blood donation on well-being in the 
same proportions of blood donors. The authors of the 
Danish Blood Donor Study determined in a cohort of 
6,073 blood donors a prevalence of positive, negative, and 
mixed effects after blood donation with 18%, 29%, and 
14%, respectively [24].

However, in a Dutch cohort study, positive and nega-
tive effects after blood donation were reported to occur in 
4.6% and 13.9% of whole blood donors, respectively [28]. 
Differences in the prevalence of effects might be related 
to the questionnaire phrasing or the study design. While 
van den Hurk et al. [28] focused on physical effects (“feel-
ing fit,” “lack of energy,” or “dizziness”), we asked donors 
for their well-being related to 7 different psychological 
dimensions. Together, 5 studies in Germany, the Nether-
lands, Denmark, and Sweden describe that at least 30% of 
blood donors experience either psychological or physical 
effects after blood donation. This makes it rather likely 
that this finding is generalizable for a Middle and North-
ern European population.

Further evidence of a common effect is provided by the 
rather similar findings in the qualitative interviews we 
used in part 1 of our study to generate the questionnaire 

and in the studies by others using a self-administrated 
open-labelled questionnaire (identified effects, e.g., “feel-
ing of satisfaction,” “more alert,” “feeling better,” “tired,” 
and “diminished physical capacity” [22] or “feeling fit,” 
“lack of energy,” and “dizziness” [24, 28]).

As outlined by others, the positive donation-related 
effects may be helpful in the recruitment of new donors 
and may motivate infrequent donors to donate more fre-
quently [21, 22, 24, 28]. While Jansen et al. [20] found that 
psychological effects had probably no impact on return 
rates of first-time donors, Suemnig et al. [13] showed that 
physical effects (“feeling physically better after dona-
tion”) were a motivational factor to return to blood dona-
tion, especially for older donors (≥50 years).

Kinetics of the Changes in Well-Being
The participants in our study reported that positive ef-

fects began within the first 30 min after blood donation. 
This is in concordance with other studies; for example, 
Hinrichs et al. [21] reported that positive effects occurred 
15–30 min after blood donation; similar but only minor 
positive changes in the agitation level of first-time blood 
donors were noted in the first 30 min after blood dona-
tion in a study by Jansen et al. [20] who used the same 
questionnaire as Hinrichs et al. [21]. A higher elation and 
decreased anxiety score of donors up to 60 min after do-
nation were seen in study by Zillmer et al. [26]; and Sojka 
and Sojka [22], who used a retrospective approach in their 
study, report the putative onset of effects within 1 h after 
donation. This study also found that positive effects last 
longer than negative effects [20], which is similar to our 
results, where the positive changes in well-being lasted for 
1 week and the negative effects for 3 days.

Other Cofactors
The number of previous blood donations had no major 

impact on changes in well-being, in concordance with re-
sults from other investigators [21, 22, 28]. Notably, the 
study by van den Hurk et al. [28] found neither positive 
nor negative effects associated with the number of prior 
blood donations in a representative cohort of over 23,000 
blood donors, with most participants having experienced 
a total of 5 or more donations [28]. Interestingly, Sojka 
and Sojka [22], who included donors with fewer than 5 
donations, found no differences in the distribution of ef-
fects according to the number of previous blood dona-
tions [22]. However, as we only enrolled donors with at 
least 3 previous blood donations (the vast majority with at 
least 5 previous blood donations), we do not know wheth-
er this might be different in donors with only 1 or 2 previ-
ous blood donations. Also, our observation that younger 
donors (≤35 years) had a significantly lower well-being 
score 6 h after blood donation is comparable to results of 
2 cohort studies from Sweden [22] and Denmark [24], 
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who described more negative psychological effects in 
younger donors than in older donors. This might in part 
be related to an increased rate of vasovagal reactions in 
younger blood donors [30, 31], especially if they are unex-
perienced donors. While Teglkamp et al. [24] found posi-
tive effects associated with age, we and others [21, 22, 28] 
could not generally confirm this association.

In contrast to other studies [21, 22, 28], we observed no 
association between donation-induced changes in the do-
nors’ well-being and the pre-donation hemoglobin con-
centration. We also found no significant differences in 
well-being depending on gender or BMI, while others ob-
served a higher rate of negative effects after whole blood 
donation in females compared to males [21, 24, 28] and a 
correlation of a higher BMI with negative symptoms be-
fore (“lack of energy,” “headache”) [26] or positive symp-
toms (“alleviated headache”) after blood donation [24]. Fi-
nally, van den Hurk et al. [28] and the present study suggest 
that donors with a lower diastolic blood pressure experi-
ence more negative effects after blood donation in com-
parison to donors with a higher diastolic blood pressure, 
while a systematic review found no evidence of an in-
creased risk of adverse physical effects after blood donation 
in subjects with hypotension prior to the donation [36].

Study Limitations
Due to the single-center design of our study, we cannot 

exclude that specific local factors had an effect on the 
emotional reactions of the donors after blood donation, 
for example, personal interaction between the donor and 
staff of the donor clinic. Furthermore, the results may not 
be transferable to the donor cohort of other blood donor 
services due to the large number of young participants in 
our study, reflecting the location of our donor center 
within a small university city. Future studies should be 
performed in a donor population of a large national or 
regional blood service. The study should enroll young 
and older participants to confirm our results, ideally in a 
prospective manner over at least 1 week after donation.

We aimed to generate a set of 7 questions relevant to 
blood donation based on study part 1 with qualitative in-
terviews. However, we did not extensively validate the se-
lected items using different cohorts independent of blood 
donation. The quantitative approach to the questions al-
lowed us to summarize the items to a total score. How-
ever, despite controlling with Cronbach’s α test for con-
sistency we cannot exclude that we lost some information 
provided by the individual questions.

We summarized the scores 15–30 min before donation 
and 8 weeks after donation as baseline scores. Potentially, 
the values obtained shortly before blood donation had 
been influenced by some form of anxiety or headache as 
shown by van den Hurk et al. [28] and Teglkamp et al. 
[24]. However, as outlined above, only “trained” regular 

blood donors with at least 3 previous donations were en-
rolled in study part 2, which makes the impact of anxiety 
factors probably low.

Our study is a correlational study, hence any observed 
variability in well-being ratings over time may reflect life 
experiences that have nothing to do with blood donation 
(e.g., serious family event; car accident). Controlling non-
blood donation variables by a matched population of in-
dividuals who did not donate blood was not feasible in the 
present study. Furthermore, we analyzed the change in 
variables over 8 weeks, which should have levelled out 
some of the non-blood donation related effects which 
may have impacted well-being.

In summary, the frequencies of positive and negative 
effects in donors following blood donation seem to be 
comparable among at least 3 different studies, including 
the present study, with about 25% of donors experiencing 
positive psychological effects after blood donation and 
about the same percentage of donors experiencing nega-
tive psychological effects after blood donation. Given 
these rather reproducible findings, further studies should 
assess whether physiological mechanisms impact these 
changes in psychological factors to identify potential bio-
molecular changes induced by blood donation.
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