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Chapter 3. Negative experiences and blood pressure

Abstract

Background: Negative donation experiences, like being deferred or experiencing an
adverse reaction, might upset blood donors, resulting in anticipatory stress responses
such as elevated blood pressure at the subsequent visit. We therefore explored associ-
ations between blood donors’ negative donation experiences and their blood pressure
at the subsequent visit.

Study design and methods: Blood pressure of donors with no history of negative
experiences in three consecutive donations was compared to the blood pressure of
donors with a negative experience during the second of the three donations. Blood
pressure (systolic and diastolic) measured prior to the third donation was compared
between the two groups, using linear regression analyses. Two types of negative
experiences (adverse reactions and deferral) were analysed, stratifying for donation
type and sex, and adjusting for age and predonation blood pressure at baseline.

Results: In total 248,118 (50% female) donors were included in the analyses. Eleven
percent (26,380 donors, 61% female) had experienced a negative experience. Fainting
and dizziness were associated with significant (p<.05) increases in systolic blood
pressure: in men, 3.0 mmHg (fainting) and 2.0 mmHg (dizziness); in women, 2.0
mmHg (fainting) and 1.4 mmHg (dizziness). Deferral was associated with significant
(p<.05) increases in both systolic (men 0.7 mmHg, women 0.3 mmHg) and diastolic
(men 0.2 mmHg, women 0.3 mmHg) blood pressure.

Conclusion: Whole blood donations with negative experiences were associated with
a statistically significant higher predonation blood pressure at the subsequent visit.
This indicates that negative experiences might cause an anticipatory stress reaction
in a subsequent donation.
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Giving blood: donor stress and hemostasis

Introduction

Blood donation is generally seen as a voluntary and socially beneficial activity [40].
However, sometimes donating blood results into negative consequences for donors.
For example, self-reported prevalence rates of up to 10% have been shown for ad-
verse reactions such as vasovagal reactions, needle reactions, and fatigue [5]. These
experiences might upset the donor, as indicated by the association between the oc-
currence of adverse reactions during a blood donation and increased (post-donation)
anxiety at the same donation . Also, stress reactions (e.g. anxiety) and adverse
events (e.g. needle pain and vasovagal reactions) have been observed to have a clear
negative effect on retention rates [7, 9, 36, 42]. Even short-term temporary deferral
(for instance because of low hemoglobin, or a cold) has also been shown to cause
psychological distress [9, 65]. Since adverse reactions and deferral are associated not
only with short-term donor discomfort but also with lower retention rates [5–7], one
can speculate about a possible negative long-term effect of adverse reactions and
deferral on stress reactions.

Anxiety is considered to be a general stress reaction [14]. Stress reactions are common
phenomena, and stress- inducing situations are thought to be quite diverse and to
differ between individuals and circumstances [15]. In addition to a psychological
stress reaction such as anxiety, several physiological stress reactions have also been
described in the literature. These physiological stress reactions include increases
in heart rate activity (HR) and blood pressure (BP) [32, 46], as well as changes
in certain haematological parameters (e.g. FVII) [66, 67]. Also anticipatory stress,
worrying about the future, has been shown to cause physiological arousal [33], such as
higher blood pressure [32]. A number of studies show stress reactions peaking at the
beginning of the blood donation procedure, indicating a predominantly psychological,
anticipatory stress reaction [9, 55–62].

Negative experiences, both deferral and adverse events, thus seem to be able to
induce a psychological stress reaction at the same donation, although this effect may
be different for plasmapheresis and whole blood donors [58]. However, it is unclear
whether donors who have experienced an adverse event show an increased stress
response at their subsequent blood donation. Does a negative donation experience
result into an anticipatory physiological stress reaction at the subsequent visit? It was
the realization of this lack of knowledge that formed the basis of our research question:
Do donors with and without a negative experience show different blood pressure levels
at the predonation screening of the subsequent visit? Based on the literature on
stress reactions to date, we expected that donors with a negative experience (either
a deferral or an adverse event) would show a higher anticipatory stress response in
the subsequent visit than donors who did not have a negative experience. The aim
of our study was therefore to explore the associations between negative donation
experiences and blood pressure at the subsequent visit in blood donors.
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Figure 1 Donation history per group.
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Materials and methods

Participants

Details of the donor registration and invitation, and of the donation process in the
Netherlands, were described previously by Atsma et al. [30]. Briefly, donors must
be between 18 and 70 years of age, and must meet certain health and lifestyle
criteria before each donation. Candidate donors are seen by either a donor nurse
or physician before each donation, at which point blood pressure and haemoglobin
level are measured. Only donors who had attempted to donate blood at least three
times in the period 2011 - 2013 and were registered as whole blood or plasmapheresis
donor were included in this study. All donations are registered in our national donor
management database eProgesa.

To be able to clearly distinguish a stress reaction between donors who had had a
negative experience and those who had not, two groups of donors were included in the
study. For all participants in both groups, data were available for three consecutive
donations. A schematic overview of the donation history per group is provided in Fig.
1. In both groups, the initial donation (donation 1) needed to be without negative
experiences, so that this donation could serve as a baseline for blood pressure. The
second donation (donation 2) differed between the groups: donors in group 1 did not
have a negative donation experience, whereas group 2 comprised all donors who did
have a negative donation experience. Blood pressure is measured early in the donation
procedure at the predonation screening. Therefore, the current donation (donation
3) needed to be without deferral. Since no adverse reactions are expected before the
blood pressure measurement, which takes place before the actual donation, donors
who did experience an adverse reaction at donation 3 (which we assume occurred
after the measurement of blood pressure) were included in the analysis.

Data

Blood pressure is routinely measured during the predonation screening while the
person is seated. It is measured according to standardized operating procedures,
using a digital oscillometric blood pressure monitor, type Omron HEM-907 Intellisense
(Omron Healthcare, Lake Forrest, IL, USA). If an irregular pulse, an SBP ≤90 or
≥180 mmHg, or a DBP ≤50 or ≥100 mmHg, is present, the donor will be deferred
for donation.

In 2010, a coding system was introduced to record the occurrence of donor compli-
cations or procedural problems in eProgesa. It entails classifying donor complications
into types that are compatible with the International Society for Blood Transfusion
surveillance classification, which is based on clinical signs and symptoms [68]. For this
study, negative experiences were categorized, in order of decreasing (donor) severity
as (i) fainting, (ii) dizziness, (iii) physical problems (e.g. headache, haematoma), (iv)
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Table 1 Demographic and donation characteristics in whole blood and plasmapheresis donors, by donation negative experience and
gender.

Without negative experiences
(Group 1)

With negative experiences
(Group 2)

Whole blood Plasmapheresis Whole blood Plasmapheresis

Men Women Men Women Men Women Men Women

Number (n) 89,315 89,148 25,443 17,832 8,223 14,083 1,962 2,112

First time donors at
donation 1 (n)

72 239 1 1 239 863 0 2

Age (years) a 48±14 44±14 c 53±11 49±23 c 48±14 40±14 53±12 47±13

BMI (kg/m2) a 25.8±3.2 c 25.1±3.9 c 26.0±3.2 c 25.6±4.0 c 25.6±3.4 24.7±4.0 26.2±3.5 25.4±4.0

Hb (mmol/L) a 9.4±0.6 c 8.6±0.5 c 9.5±0.6 c 8.6±0.5 c 8.9±0.9 8.0±0.7 9.4±0.8 8.4±0.7

SBPbaseline (mmHg) a 138±15 129±15 c 135±14 126±15 c 138±15 127±16 136±15 125±16

DBPbaseline (mmHg) a 79±10 77±10 c 79±10 76±10 c 79±10 76±10 79±10 75±10

Number of prior
donations (n) b

34
(12−62) c

14
(5−32) c

84
(50−124) c

51
(28−81) c

30
(9−60)

9
(4−23)

73
(41−114)

41
(21−69)

Interval (donation -1
and 0, in days) b

72
(102−175) c

147
(119−217)

42
(28−63) c

35
(49−80) c

112
(81−183)

140
(114−221)

56
(35−94)

70
(42−119)

a Reported as mean±SD. | b Reported as median (25th−75th quartiles). | c Significantly different between group 1 and 2, p<.05 .
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other donor complications (rare complications, such as thrombosis, arterial problems,
citrate reactions, allergy), (v) non-donor complications (machine malfunction, prob-
lems with the procedure or with disposables - all without donor complications), and
(vi) deferrals. If a donor qualified for multiple categories, that donor was included
in only the most severe category. For example, a donor experiencing dizziness and
fainting was assigned to the category (i) fainting.

Statistical analysis

T-tests were used to detect differences between group 1 and group 2 (stratified
for sex and type of donation). Linear regression analyses were used to examine the
relationship between donors’ negative experiences and subsequent blood pressure. All
analyses were performed separately for men and women, and donation type (whole
blood or plasmapheresis donation). Type of donation at donation 2 determined
if donors were included in the whole blood or plasmapheresis donor group. Some
donors switched between types of donation, for instance, because they had travelled
to countries with infectious diseases, or because the donor wanted it, or the blood
supply asked for it. Since switching might cause additional stress, we performed
a number of additional regression analyses, separating these groups of ’changing’
donors.

Baseline blood pressure (i.e. blood pressure at donation 1), age, the time interval
between the second and current donations (i.e. the time interval between donation
2 and donation 3), the total number of prior donations, and body mass index (BMI)
were taken in to account as potential confounders and effect modifiers. Results
are presented as adjusted regression coefficients (β) with 95% confidence intervals.
Unless stated otherwise, significance was assumed at p<.05.Analyses were performed
using IBM SPSS Statistics version 21.

Results

In total, 248,118 (50% female) donors were included in the analyses, of whom 200,769
(51% female) were whole blood donors, and 47,349 (42% female) plasmapheresis
donors. In respect to the included donors, excluded donors (grouped by sex and
type of donation, total n= 192,567) were smaller, younger and less experienced, and
had a lower body weight, haemoglobin level and BMI. They also showed a lower
systolic and higher diastolic blood pressure. Differences were statistically significant,
yet very small and, except for age and the number of prior donations, generally below
1-3%. Demographic and donor characteristics of all donors are presented in Table
1, separately for sex, donation type and the presence of negative experiences. In
total, 26,380 (11% of total, 61% female) donors encountered a negative donation
experience. The independent samples t-tests revealed that, female, but not male,
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Table 2 Number of negative experiences in whole blood and plasmapheresis donors, by sex.

Whole blood Plasmapheresis

Men a Women a Men a Women a

Number (n) 8,223 (8.4) 14,083 (13.6) 1,962 (7.2) 2,112 (10.6)

Complications

Fainting 89 (0.1) 176 (0.2) 7 (0.0) 28 (0.1)

Dizziness 255 (0.3) 616 (0.6) 37 (0.1) 139 (0.7)

Physical problems 89 (0.1) 240 (0.2) 182 (0.7) 227 (1.1)

Other donor complications 72 (0.1) 104 (0.1) 45 (0.2) 49 (0.2)

Non-donor complications 1,022 (1.0) 2,181 (2.1) 735 (2.7) 601 (3.0)

Deferral 6,696 (6.9) 10,766 (10.4) 956 (3.5) 1,068 (5.4)

a Data presented as number (% of total number of men or women).
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predonation blood pressure at baseline (donation 1) was significantly higher in group
1 than in group 2 (Table 1). The low number of first time donors observed in the
plasmapheresis groups reflects the procedure in the Netherlands, where donors do
have to make at least one whole blood donation before being allowed to donate
plasma. However, in some cases this rule is abandoned, for instance when donors
have traveled to malaria-districts which otherwise would lead to long term deferral
for a whole blood donation.

Negative experiences

Of the 248,118 donors included, 11% (26,380 donors) experienced a donation com-
plication or a deferral (Table 2). In total, 19,486 (61% female) donors were deferred.
Furthermore, 300 (68% female) donors fainted, 1,047 (72% female) donors experi-
enced dizziness, 738 (63% female) donors experienced other physical problems such
as haematomas, and 270 (57% female) donors experienced other donor-related com-
plications. A total of 4,539 (61% female) donors encountered non-donor related
problems, such as problems related to the procedure, machine, or disposables.

Blood pressure changes

Figures 2 and 3 show the unadjusted blood pressures for whole blood donors without
a negative experience (group 1) and for the different types of negative experiences,
for women (Fig. 2) and men (Fig. 3) separately. Compared to donors with un-
complicated donations, donors experiencing a vasovagal reaction (i.e. fainting or
dizziness) had a lower blood pressure in all three donations. Only the results of the
whole blood donors are shown, because results in the plasmapheresis group rarely
reached significance . Blood pressure differences of up to 3.0 mmHg between donors
without negative experiences and donors with negative experiences were observed.
Amongst whole blood donors, men who fainted during the second donation had a 3.0
mmHg higher systolic blood pressure than men who did not, whereas women who
fainted during the second donation had a 2.0 mmHg higher systolic blood pressure
than women who did not. A significantly lower (-1.0 mmHg) diastolic blood pressure
was observed in men who experienced dizziness vs. men who did not. Deferral was
associated with small but significant (p<.05) increases of 0.3 to 0.7 mmHg for both
systolic and diastolic blood pressure, in almost all groups. Although in the whole
blood donor group the general tendency was that for most negative experiences a
higher blood pressure was found, this finding was not significant for all forms of nega-
tive experiences. Results in the plasmapheresis donor group rarely reached statistical
significance. Adjustment for the length of the interval period between the second and
current donations (donations 2 and 3), or the total number of prior donations did not
alter the results. A model containing age, baseline blood pressure and BMI found
only a few relevant changes in regression coefficients between the original model,
containing only age and baseline blood pressure. These relevant changes occurred
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only in regression coefficients that indicated no significant associations in both the
original and the adjusted model. Since relevant changes in regression coefficients in
the original model were more conservative, thereby underestimating the effects we
found, we decided not to include BMI in our model. No significant interaction effect
was found for age.

Type of donation

When separated between plasmapheresis and whole blood donation, regression anal-
yses showed significantly different results compared to whole group analyses: plasma
donors showed almost no statistically significant associations. Additional separation
between groups of ’changing’ donors revealed no differences in main effects, nor in
the direction of the effects. Therefore, type of donation was only separated into
whole blood and plasmapheresis.

Figure 2 Blood pressure and negative experiences, in female whole blood donors. The
bars show the systolic (upper border) and diastolic (lower border) blood pressure in mmHg

during the three donations, per type of negative experience.
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Figure 3 Blood pressure and negative experiences, in male whole blood donors. The bars
show the systolic (upper border) and diastolic (lower border) blood pressure in mmHg

during the three donations, per type of negative experience.

Discussion

In a large group of donors with a total of 26,380 negative experiences there was
a statistically significant positive association between negative donation experiences
and blood pressure at the subsequent donation for whole blood donors. Whole blood
donors with a history of negative experiences generally had a higher blood pressure
than donors without a history of negative experiences. The most prominent nega-
tive experiences associated with increased blood pressure were fainting and dizziness,
which were associated with systolic blood pressure increases of up to 3.0 mmHg in
both male and female whole blood donors. Machine problems (non-donor complica-
tions) were also associated with significant increases in systolic (men and women)
and diastolic (women) blood pressure, but to a far lesser extent. In contrast to
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Table 3 Associations of negative experiences at donation 2 with pre-donation blood pressure at the next visit.

Whole blood a Plasmapheresis a

Men Women Men Women

Systolic
blood

pressure
(β)

Diastolic
blood

pressure
(β)

Systolic
blood

pressure
(β)

Diastolic
blood

pressure
(β)

Systolic
blood

pressure
(β)

Diastolic
blood

pressure
(β)

Systolic
blood

pressure
(β)

Diastolic
blood

pressure
(β)

Fainting 3.0 b 0.2 2.0 b -0.1 -7.2 -1.2 1.1 2.1

(0.6;5.4) (-1.4;1.8) (0.2;3.7) (-1.2;1.1) (-17.3;2.9) (-7.7;5.2) (-3.5;5.6) (-0.8;5.1)

Dizziness 2.0 b -1.0 b 1.4 b 0.6 b -1.0 -1.0 0.5 1.6 b

(0.5;3.4) (-1.9 - 0.0) (0.5;2.4) (0.0;1.2) (-5.0;3.0) (-3.6;1.5) (-1.4;2.4) (0.3;2.8)

Physical problems -0.1 1.1 -0.8 0.3 1.4 1.5 b 1.3 0.3

(-2.5;2.3) (-0.4;2.7) (-2.3;0.6) (-0.6;1.3) (-0.3;3.1) (0.4;2.6) (-0.2;2.8) (-0.7;1.3)

Other donor complications 2.4 0.0 1.9 1.2 -1.2 -1.7 -0.3 1.0

(-0.3;5.1) (-1.8;1.7) (-0.4;4.1) (-0.3;2.6) (-4.6;2.2) (-3.9;0.5) (-3.6;3.0) (-1.2;3.2)

Non-donor complications 0.7 b 0.3 1.0 b 0.9 b 0.6 0.2 0.2 0.5

(0.0;1.2) (-0.2;0.8) (0.5;1.5) (0.5;1.2) (-0.3;1.5) (-0.4;0.7) (-0.7;1.2) (-0.1;1.1)

Deferral 0.7 b 0.2 b 0.3 b 0.3 b 0.4 0.5 b 0.6 0.6 b

(0.4;1.0) (0.1;0.4) (0.0;0.5) (0.1;0.5) (-0.3;1.2) (0.1;1.0) (-0.1;1.3) (0.1;1.0)

a Data are presented as regression coefficient (β) including the 95% confidence intervals, adjusted for
age and baseline blood pressure. |
b Significance assumed at p<.05

.
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whole blood donors, plasmapheresis donors did not show significant changes in blood
pressure related to negative donation experiences. Since plasmapheresis donors had
performed more donations, this can be interpreted in line with the literature, which
indicates lower stress levels in more experienced donors [69].

Our results in whole blood donors support our hypothesis that negative experiences
during a donation induce stress reactions at the following visit, irrespective of the
time between donations. Overall, our findings also add knowledge about which
negative experiences are associated with elevated physiological stress levels in what
type of donor. The most prominent associations are fainting and dizziness in whole
blood donors. No studies thus far have investigated the long-term physiological stress
effects after a negative experience during a blood donation. Evidence to date has
been limited to explicit mental stress tests. For instance, increases in systolic blood
pressure after a mental stress test ranged from 13 to 48 mmHg, and diastolic blood
pressure increases ranged from 13 to 21 mmHg [32, 70, 71]. Although the associations
we found were smaller, the studies mentioned above investigated the blood pressure
changes immediately after the stressor, whereas we studied blood pressure changes
after a prolonged time interval. Furthermore, mental stress tests are specifically
designed to create a large stress response. It is therefore difficult to compare our
results directly with the results of these other tests. In our study, only the long-term
or anticipatory effect after about half a year was obtained. It is thus possible that, in
line with the literature, the anticipatory response was greater immediately after the
event and faded during the interval prior to the current donation [65, 72, 73].

We observed a fairly consistent effect of negative experiences on (systolic) blood
pressure levels in whole blood donors. Overall, our results indicate a higher stress
response in donors who had encountered a negative experience, including experiences
such as deferral and non-donor problems. However, dizziness was associated with a
significantly lower (-1.0 mmHg) diastolic blood pressure in male donors, in combina-
tion with a significantly higher systolic blood pressure. In general, a lower diastolic
and systolic blood pressure was observed in the group with fainting or dizziness, in
all three donations (Fig. 2 and Fig. 3), with a more pronounced difference for male
donors. It can be speculated that donors, especially male donors, with a lower blood
pressure are more prone to experiencing such a vasovagal reaction. In contrast to
male donors, female donors show a significantly higher systolic as well as diastolic
blood pressure dizziness. However, for both female and male donors diastolic blood
pressure at donation 2 (at the time of experiencing the dizziness) is at its lowest,
rising again at donation 3. Unfortunately, besides speculation we cannot explain the
negative diastolic blood pressure in male donors.

A recent study of van Dongen et al. showed that women experience more adverse
events during blood donation, but the negative effect of adverse events on retention
was stronger in men; that is, after experiencing an adverse event, men were less
likely to show up for a subsequent donation [42]. In line with this and with the
findings of other studies [74, 75], we found that male donors who encountered a
negative experience waited longer before making a subsequent donation. It might
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well be the case that the factors influencing this prolonged interval between donations
differ between donors who experience a complication and donors who are deferred. A
complication might cause more anticipatory stress, while deferral perhaps raises initial
stress, but its effect fades over time [65, 72, 73]. This could also account for why
deferral had a smaller (though still significant) effect than complications. Although
the interval between plasmapheresis donations is much smaller than between whole
blood donations, virtually no statistical differences were found in this group. The
lack of findings here might be due to the small groups, as well as being a more
experienced donor.

We investigated a large set of data, comprising all donors who had attended three
donations in 2011-2013 and had or had not encountered a negative experience in the
second of these three donations. This has enabled us to be the first to investigate the
associations between blood pressure and a number of negative experiences, separated
for plasmapheresis and whole blood donors. Our study revealed relatively small
differences in blood pressure as a result of negative experiences, sometimes with
large confidence intervals. Blood pressure measurements are notoriously variable,
for instance due to seasonal changes [76] and water loading [77] (water loading is
a technique described in the literature for averting a vasovagal reaction: drinking
water shortly before donation reduces the risk of fainting, by raising blood pressure).
However, as the group of donors investigated was large, it is unlikely that random
differences influenced the group means to a large extent. In relation to the clinical
relevance of an increase of 3.0 mmHg, we would like to point out that - indeed - no
deferral or health consequences can be based upon this value. However, we consider
the increase in blood pressure merely as an indication of stress. A larger increase
might thus indicate more stress, or discomfort experienced by the donor.

In our study, a low prevalence rate of negative experiences was observed. Other
studies showed (self-reported) prevalence rates of up to 10% for adverse events [5, 7],
but in our study the total incidence rate of complications was <4%. This is probably
due to the set-up of the study: donors were included only if they had given three
donations in the previous two years. In the literature, it is reported that retention is
lower after an adverse event or deferral than after a uncomplicated donation [6, 7, 42].
It is therefore likely that some of the donors who encountered a negative experience
in donation 1 or donation 2 did not show up for a following donation, and were thus
not included in our study. Unfortunately, our set-up does not allow us to estimate the
number of these ’no shows’. Furthermore, although plausible, it remains uncertain
whether these donors would be ’more’ stressed than donors who did return for a
following donation.

Despite the interest in the different effects of deferral and adverse reactions in a
blood donation setting [5–7, 31, 77, 78], physiological stress effects of deferral or
other negative experiences on subsequent donations are overlooked, and psycholog-
ical effects are only studied rarely. Our study is the first to indicate a difference in
predonation blood pressure at the subsequent visit between whole blood donors with
an earlier negative experience and donors without such an experience. After stratifi-
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cation for sex and adjusting for age and baseline blood pressure, whole blood donors
with a negative experience were found to have higher blood pressure than donors
without negative experiences. In our view, this indicates that for these donors, nega-
tive experiences might indeed cause an anticipatory stress reaction in the subsequent
visit. More research is needed to investigate whether possible interventions aimed at
preventing and handling negative experiences, both adverse reactions and deferral,
are justified and necessary to create a pool of relaxed and healthy donors.
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