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Abstract

Background: The healthy donor effect (HDE) is a selection bias caused by the

health criteria blood donors must meet. It obscures investigations of beneficial/

adverse health effects of blood donation and complicates the generalizability of

findings from blood donor cohorts. To further characterize the HDE we investi-

gated how self-reported health and lifestyle are associated with becoming a

blood donor, lapsing, and donation intensity. Furthermore, we examined dif-

ferences in mortality based on donor status.

Study Design and Methods: The Danish National Health Survey was linked

to the Scandinavian Donations and Transfusions (SCANDAT) database and

Danish register data. Logistic- and normal regression was used to compare

baseline characteristics and participation. Poisson regression was used to inves-

tigate future donation choices. Donation intensity was explored by the

Anderson-Gill model and Poisson regression. Mortality was investigated using

Poisson regression.
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Results: Blood donors were more likely to participate in the surveys, OR = 2.45

95% confidence interval (2.40–2.49) than non-donors. Among survey participants,

better self-reported health and healthier lifestyle were associated with being or

becoming a blood donor, donor retention, and to some extent donation intensity,

for example, current smoking conveyed lower likelihood of becoming a donor,

OR = 0.70 (0.66–0.75). We observed lower mortality for donors and survey partici-

pants, respectively, compared with non-participating non-donors.

Conclusion: We provide evidence that blood donation is associated with

increased likelihood to participate in health surveys, possibly a manifestation of

the HDE. Furthermore, becoming a blood donor, donor retention, and donation

intensity was associated with better self-reported health and healthier lifestyles.

KEYWORD S

blood donors, donation behavior, donor health, healthy donor effect, survey participation

1 | INTRODUCTION

Surveys have repeatedly demonstrated that blood donors
enjoy better health and lower mortality than their non-
donating peers in the general population.1–3 This has
caused speculations about beneficial health effects of
repeated whole blood donations, for example, prevention
of cardio-vascular disease by iron store depletion.4–6

However, the so-called healthy donor effect (HDE)
challenges observational studies of potential health con-
sequences of blood donations. HDE is a selection bias
that arises because blood donors must continuously meet
certain health criteria to ensure their own health and that
of transfusion recipients.7,8

The HDE complicates not only assessment of benefi-
cial health effects of blood donations, but may also obscure
adverse health consequences of repeated blood donation.

The HDE suggests that individuals entering the blood
donor population a priori would be healthier than non-
donors and that returning blood donors would, on aver-
age, be healthier than lapsing donors. Additionally, high-
frequency donors might also be healthier than less fre-
quently donating donors.7,9–11

It is unclear from current literature how much blood
donations contribute to the donors' superior health and
how much the donors' superior health contributes to
donation activity.

Thus, while studies have found that self-reported
health and lifestyle is predictive of donation cessation
within a donor population,9 no investigations have
detailed if health-behaviors and self-reported health is
predictive of becoming a blood donor, and whether these
factors vary with time since blood donation activity.

Few studies have moved beyond comparisons of morbid-
ity and mortality patterns between donors and non-donors.3,12

The largest of such investigations is a German cross-sectional
survey of health patterns and -behaviors among 10,318 non-
donors, 1012 lapsed-, and 1153 active donors.

The German study showed that the three groups dif-
fered regarding modifiable lifestyle and self-perceived
health, active donors being the most, non-donors the
least healthy, and lapsed donors resembling active donors
more than non-donors.1

To further the understanding of the relationship
between health and blood donation, we linked large
population-based surveys with nation-wide information
on blood donors to explore the association between self-
reported health and modifiable lifestyle factors and risk
of becoming, being, and having been a blood donor,
respectively, and whether these factors were associated
with differences in longevity between donors and non-
donors.

2 | MATERIALS AND METHODS

We used data from The Danish National Health Surveys
(DNHS) 2010 and 2013, the Scandinavian Donations and
Transfusions (SCANDAT) database, and various Danish
registers.13–16

DNHS are a series of nation-wide health and lifestyle
surveys carried out in the Danish population at regular
intervals.13,16 It features a standardized questionnaire,
answered online or on paper, which includes information
on anthropometrics, lifestyle, and health; including the
Short Form 12 (SF-12) questionnaire.17 SF-12 summa-
rizes self-reported health in two dimensions, expressed as
physical component score (PCS) and mental component
score (MCS). Both PCS and MCS range from 0 to
100, with higher scores indicating better health.

2 BRODERSEN ET AL.
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The 2010 and 2013 surveys were both carried out in six
mutually exclusive random population sub-samples; one
for each of the five administrative regions in Denmark
and a national sample.16 Overall, 298,550 and 300,450
individuals ≥16 years of age were invited in 2010 and
2013, respectively. A total of 177,639 (59.5%) and
162,283 (54.0%) individuals partially or fully completed
the questionnaires. 32,348 persons were invited in both
2010 and 2013; for these individuals only the 2010 sur-
vey data were included in the present study. The two
surveys were both conducted from late January/early
February through April in their respective years.

SCANDAT is a Danish-Swedish database containing
data on blood donors and donations as well as blood
transfusions and transfused patients. The database con-
tains more than 25 million donation records and 21 mil-
lion transfusion records from 1968 (Sweden) and 1980
(Denmark) till November 2017.14

Since 1968, all individuals living in Denmark have been
issued unique personal identification numbers, used by Dan-
ish authorities for administrative purposes. This includes the
Civil Registration System, which continuously monitors the
vital status of all Danish citizens as well as nation-wide socio-
demographic registers maintained by Statistics Denmark.18

Using the personal identification number as key, we
linked DNHS and SCANDAT to identify blood donors
among individuals invited to participate in DNHS.
Next, we linked the entire DNHS cohort to the Civil
Registration System to ascertain their vital status and
to registers at Statistics Denmark for information on
socio-demographic data.15,18

A complete case analysis was performed, excluding
participants with missing values for personal identifica-
tion number, age, sex, body mass index (BMI), SF-12
scores, region of residence, smoking habits, diet score,
weekly alcohol intake, or physical activity. Outliers were
removed for Short Form 12 scores outside the upper or
lower bounds of scoring.17,19 Following the above proce-
dures and combining DNHS 2010 and 2013 data, 321,986
participants were available for analysis (Figure S1).

2.1 | Statistics

Following standard conventions, blood donors were con-
sidered lapsed (former donors) if the most recent dona-
tion was >2 years before time of the survey, otherwise
they were deemed active (current donors). In 2010 and
2013, individuals were not allowed to donate blood at age
67+ years, and consequently we stopped follow-up at this
time whenever relevant. For analytical simplicity, the
date of DNHS invitation and interview (baseline) for par-
ticipants was set to January 1st 2010 or 2013.

Analyses of participation and death were conducted
in the full material of participants and non-respondents
using sex, birth data, invitation date, calendar time, and
donation history as predictors. All other analyses were
restricted to subsets of participants with all relevant
information available. Usually three estimates were pro-
vided: (a) a crude estimate, (b) one adjusted for age and
sex, and (c) one further adjusted for region (of residence
at time of invitation), attained highest education (short
(basic school), medium, long (12+ years)), and income
(percentile of personal annual income). For the predic-
tors PCS, MCS, and BMI we further adjusted for smoking
status, diet, alcohol consumption, and physical activity.

The following lifestyle exposures were considered:
binge drinking (consuming ≥5 � 12 g alcohol on one
occasion monthly or more often), low risk alcohol con-
sumption (<7 � 12 g alcohol per week in females,
<14 � 12 g alcohol per week in males), moderate risk
alcohol consumption, high risk alcohol consumption
(>14 � 12 g alcohol per week in females, >21 � 12 g
alcohol per week in males), smoking status (current, for-
mer, never), extreme physical activity (training hard reg-
ularly/several times a week to participate in sports
competitions), high physical activity (participate in physi-
cal sports, physically demanding gardening or similar
≥4 h a week), light physical activity (light locomotion
such as walking, cycling, and similar <4 h a week), pas-
sive physical activity (reading, watching TV, or similar),
and diet (healthy, average, unhealthy).

We used logistic regression analyses to investigate
participation and dichotomous characteristics at base-
line. We used normal regression to compare BMI, PCS,
and MCS at baseline. We used Poisson regression to
predict becoming a donor (for non-donors at baseline),
lapsing donation (for active donors at baseline), and
dying (participants and non-respondents) in the period
from invitation to end of study (December 31, 2019).
Mortality was further analyzed in the same period by
stratified Cox regression with sex and year of birth
defining the strata. Finally, we assessed (in active
donors) whether baseline characteristics predicted
intensity of donation using the Andersen-Gill model
which allows for multiple outcome events. That is, as
soon as we observed an outcome event (blood donation)
we (re-)started follow-up for the next outcome event.
This was performed using Poisson regression. Follow-
up was definitively stopped at the latest recorded dona-
tion or the latest recorded donation before lapsing for
the first time during follow-up. This was based on the
experience of Ullum et al.10 that donation frequency is
a habitual thing that does not gradually decline before
lapsing. All statistical analyses were performed using
SAS version 9.4 and R version 3.5.1.20

BRODERSEN ET AL. 3
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TABLE 1 Cohort characteristics

Participants Non-respondents

Donor status
Active Lapsed Non Active Lapsed Non
(N = 19,465) (N = 26,882) (N = 275,659) (N = 5754) (N = 9984) (N = 228,899)

Sex

Female 10,220 (52.5%) 14,735 (54.8%) 149,226 (54.1%) 2542 (44.2%) 4783 (47.9%) 106,219 (46.4%)

Male 9245 (47.5%) 12,147 (45.2%) 126,433 (45.9%) 3212 (55.8%) 5201 (52.1%) 122,680 (53.6%)

Age (years)

Mean (SD) 43.0 (13.1) 52.6 (14.1) 51.4 (18.7) 39.3 (12.8) 48.8 (14.1) 46.8 (20.2)

Age groups

15–24 2089 (10.7%) 349 (1.3%) 32,124 (11.7%) 976 (17.0%) 259 (2.6%) 40,641 (17.8%)

25–34 3512 (18.0%) 2980 (11.1%) 25,071 (9.1%) 1242 (21.6%) 1481 (14.8%) 31,967 (14.0%)

35–44 4431 (22.8%) 5012 (18.6%) 40,238 (14.6%) 1440 (25.0%) 2347 (23.5%) 37,960 (16.6%)

45–54 5056 (26.0%) 5840 (21.7%) 49,101 (17.8%) 1269 (22.1%) 2433 (24.4%) 37,950 (16.6%)

55–64 3756 (19.3%) 6212 (23.1%) 53,102 (19.3%) 733 (12.7%) 1899 (19.0%) 31,362 (13.7%)

65–74 621 (3.2%) 5302 (19.7%) 47,036 (17.1%) 94 (1.6%) 1192 (11.9%) 23,542 (10.3%)

75–84 0 (0%) 1134 (4.2%) 22,813 (8.3%) 0 (0%) 329 (3.3%) 16,051 (7.0%)

85+ 0 (0%) 53 (0.2%) 6174 (2.2%) 0 (0%) 44 (0.4%) 9426 (4.1%)

PCS

Mean (SD) 54.6 (6.18) 51.3 (8.99) 50.0 (10.2) - - -

Missing 920 (4.7%) 2332 (8.7%) 33,800 (12.3%) 5754 (100%) 9984 (100%) 228,899 (100%)

MCS

Mean (SD) 51.9 (8.15) 51.4 (9.25) 50.2 (9.90) - - -

Missing 920 (4.7%) 2332 (8.7%) 33,800 (12.3%) 5754 (100%) 9984 (100%) 228,899 (100%)

Binge drinking

Yes 6717 (34.5%) 6637 (24.7%) 68,670 (24.9%) - - -

No 11,937 (61.3%) 18,294 (68.1%) 168,410 (61.1%) - - -

Missing 811 (4.2%) 1951 (7.3%) 38,579 (14.0%) 5754 (100%) 9984 (100%) 228,899 (100%)

Alcohol consumption

High risk 1900 (9.8%) 2875 (10.7%) 31,700 (11.5%) - - -

Moderate risk 3473 (17.8%) 4345 (16.2%) 41,285 (15.0%) - - -

Low risk 13,083 (67.2%) 17,255 (64.2%) 157,445 (57.1%) - - -

Missing 1009 (5.2%) 2407 (9.0%) 45,229 (16.4%) 5754 (100%) 9984 (100%) 228,899 (100%)

Smoking

Current 3160 (16.2%) 4979 (18.5%) 60,841 (22.1%) - - -

Former 5226 (26.8%) 9336 (34.7%) 84,173 (30.5%) - - -

Never 10,833 (55.7%) 12,204 (45.4%) 123,823 (44.9%) - - -

Missing 246 (1.3%) 363 (1.4%) 6822 (2.5%) 5754 (100%) 9984 (100%) 228,899 (100%)

Physical activity

Extreme 1022 (5.3%) 663 (2.5%) 12,183 (4.4%) - - -

High 6438 (33.1%) 6440 (24.0%) 56,676 (20.6%) - - -

Light 10,298 (52.9%) 16,192 (60.2%) 153,898 (55.8%) - - -

Passive 1459 (7.5%) 2975 (11.1%) 42,901 (15.6%) - - -

Missing 248 (1.3%) 612 (2.3%) 10,001 (3.6%) 5754 (100%) 9984 (100%) 228,899 (100%)

Note: Descriptive statistics for the combined cohort from the Danish National Health Survey 2010 and 2013. The data shown was after linking to SCANDAT

and removing individuals with Short form 12 scores: physical component score (PCS) and mental component score (MCS), outside the reference range (0–100).

4 BRODERSEN ET AL.
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3 | RESULTS

3.1 | Participation

Of 566,652 individuals invited to DNHS, 62,086 (11%)
had at least one whole blood donation registered in
SCANDAT. Among 322,015 participants, 46,348
(14.4%) had a history of blood donation, while among
244,637 non-respondents this number was 15,738
(6.4%).

This corresponded to blood donors being more than
twofold (odds ratio (OR) = 2.45 96% confidence interval

[2.40–2.49]) more likely to participate in the survey than
non-donors.

Both among blood donors and non-donors, participa-
tion rates were higher among women than men and
increased with age (Table 1), particularly pronounced
among men (data not shown). Female blood donors were
marginally more likely to participate (OR = 2.57 [2.50–
2.65]) than male blood donors (OR = 2.43 [2.37–2.49]).

Adjusting for age and sex we found that each addi-
tional donation increased the odds of participation;
OR = 1.007 (1.004–1.009) in active donors and OR = 1.010
(1.008–1.012) in lapsed donors.

TABLE 2 Active versus non-donor as predictors of baseline characteristics among the Danish National Health Survey participants

Baseline characteristic OR (95% CI) crude
OR (95% CI) adjusted
for sex and age

OR (95% CI)
further adjusted

BMI: body mass indexa �.06 (�.13–0.01) 0.20 (0.14–0.27) 0.21 (0.14–0.27)

PCS: SF-12 physical component scorea 3.57 (3.42–3.71) 2.51 (2.38–2.65) 1.31 (1.18–1.44)

MCS: SF-12 mental component scorea 1.31 (1.16–1.45) 1.93 (1.78–2.07) 1.35 (1.21–1.50)

BMI < 18.5 (thin) 0.30 (0.25–0.36) 0.24 (0.20–0.29) 0.35 (0.29–0.42)

BMI 18.5 ≤ BMI < 25 (normal) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

BMI 25 ≤ BMI < 30 (overweight) 1.02 (0.98–1.05) 1.18 (1.14–1.23) 1.16 (1.12–1.20)

BMI 30 ≤ BMI (obese) 0.80 (0.76–0.84) 0.92 (0.87–0.97) 1.00 (0.95–1.06)

PCS < 40 0.25 (0.23–0.27) 0.30 (0.27–0.33) 0.44 (0.40–0.48)

PCS 40 ≤ PCS < 60 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

PCS 60 ≤ PCS 1.18 (1.12–1.25) 1.00 (0.94–1.05) 0.98 (0.93–1.04)

MCS < 40 0.58 (0.55–0.62) 0.55 (0.52–0.58) 0.66 (0.63–0.70)

MCS 40 ≤ MCS < 60 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

MCS 60 ≤ MCS 0.83 (0.79–0.87) 1.05 (1.00–1.10) 1.19 (1.13–1.25)

Alcohol consumption: high risk 0.67 (0.63–0.71) 0.66 (0.62–0.70) 0.81 (0.77–0.86)

Alcohol consumption: moderate 0.92 (0.88–0.96) 0.94 (0.90–0.98) 1.04 (1.00–1.09)

Alcohol consumption: low risk 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Binge drinking: yes 1.31 (1.27–1.36) 1.07 (1.03–1.10) 1.15 (1.11–1.19)

Binge drinking: no 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Smoking: current 0.59 (0.56–0.62) 0.60 (0.58–0.63) 0.67 (0.64–0.70)

Smoking: former 0.71 (0.69–0.74) 0.87 (0.84–0.91) 0.88 (0.84–0.91)

Smoking: never 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Physical activity: extreme 1.21 (1.13–1.30) 0.82 (0.76–0.88) 0.97 (0.90–1.04)

Physical activity: high 1.56 (1.50–1.61) 1.38 (1.34–1.44) 1.27 (1.23–1.32)

Physical activity: light 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Physical activity: passive 0.64 (0.60–0.68) 0.62 (0.58–0.66) 0.66 (0.62–0.70)

Note: The odds ratios (OR) denote increased or decreased likelihood among active donors as compared to non-donors. The reference range for both the SF-12

physical component score (PCS) and SF-12 mental component score (MCS) was 0–100. Higher scores indicate better physical health for PCS and better mental
health for MCS. Further adjusted ORs are adjusted for region (of residence at time of invitation), attained highest education (short (basic school), medium, long
(12+ years)), and income (percentile of personal annual income). In addition, the predictors PCS, MCS, and BMI were also adjusted for smoking status, diet,
alcohol consumption, and physical activity.
aNot ORs but difference in mean value.

BRODERSEN ET AL. 5
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3.2 | Demographic characteristics
at baseline

At time of the survey, both lapsed and active donors differed
from non-donors on several characteristics and generally
with a smaller magnitude for lapsed than for active donors
but the same direction of differences (Tables 1–3).

Donors generally reported better health than non-
donors as measured by PCS and MCS. By design, the
numbers in the tables are for main effects only. To illus-
trate that these effects are universal we have drawn
smoothed curves of mean PCS and MCS by age, sex,
and donor status (Figures 1 and 2). Changes in PCS
and MCS for each additional donation adjusted for age

and sex were; ΔPCS = �0.002 (�0.009–0.004) (active
donors), ΔPCS = 0.021 (0.012–0.031) (lapsed donors),
ΔMCS = 0.020 (0.011–0.029) (active donors), and
ΔMCS = 0.034 (0.024–0.044) (lapsed donors).

BMI was a little higher on average among donors
than non-donors, probably reflecting higher BMI in the
center of the distribution. The low occurrence of thin
donors (BMI < 18.5) was expected due to donor screen-
ing criteria, while there were more overweight
(25 ≤ BMI < 30) (OR = 1.15–1.16) donors than non-
donors. Obesity (BMI ≥ 30) was more prevalent among
lapsed donors (OR = 1.28) than among non-donors,
while there was no such overrepresentation among active
donors (OR = 1.00).

TABLE 3 Lapsed versus non-donor as predictors of baseline characteristics among the Danish National Health Survey participants

Baseline characteristic OR (95% CI) crude
OR (95% CI) adjusted
for sex and age

OR (95% CI)
further adjusted

BMI: body mass indexa 0.58 (0.52–0.64) 0.49 (0.43–0.56) 0.42 (0.36–0.49)

PCS: SF-12 physical component scorea 0.71 (0.58–0.85) 1.24 (1.12–1.36) 0.52 (0.40–0.64)

MCS: SF-12 mental component scorea 0.84 (0.71–0.98) 0.60 (0.47–0.73) 0.25 (0.12–0.38)

BMI < 18.5 (thin) 0.42 (0.36–0.48) 0.43 (0.37–0.50) 0.55 (0.48–0.64)

BMI 18.5 ≤ BMI < 25 (normal) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

BMI 25 ≤ BMI < 30 (overweight) 1.19 (1.16–1.23) 1.18 (1.14–1.21) 1.15 (1.11–1.19)

BMI 30 ≤ BMI (obse) 1.26 (1.21–1.32) 1.23 (1.18–1.29) 1.28 (1.22–1.33)

PCS < 40 0.78 (0.74–0.81) 0.68 (0.65–0.72) 0.85 (0.81–0.89)

PCS 40 ≤ PCS < 60 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

PCS 60 ≤ PCS 0.90 (0.85–0.95) 1.01 (0.95–1.07) 1.02 (0.97–1.08)

MCS < 40 0.83 (0.80–0.87) 0.84 (0.81–0.88) 0.96 (0.92–1.01)

MCS 40 ≤ MCS < 60 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

MCS 60 ≤ MCS 1.13 (1.09–1.18) 1.04 (1.00–1.08) 1.10 (1.05–1.14)

Alcohol consumption: high risk 0.77 (0.73–0.81) 0.77 (0.74–0.81) 0.87 (0.82–0.91)

Alcohol consumption: moderate 0.92 (0.89–0.96) 0.89 (0.85–0.92) 0.93 (0.89–0.96)

Alcohol consumption: low risk 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Binge drinking: yes 0.86 (0.84–0.89) 0.98 (0.95–1.01) 1.02 (0.98–1.05)

Binge drinking: no 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Smoking: current 0.80 (0.77–0.84) 0.80 (0.77–0.83) 0.87 (0.84–0.91)

Smoking: former 1.12 (1.09–1.16) 1.04 (1.00–1.07) 1.04 (1.01–1.08)

Smoking: never 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Physical activity: extreme 0.50 (0.46–0.55) 0.63 (0.57–0.69) 0.74 (0.68–0.81)

Physical activity: high 1.04 (1.00–1.07) 1.12 (1.08–1.16) 1.06 (1.02–1.09)

Physical activity: light 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Physical activity: passive 0.78 (0.75–0.82) 0.80 (0.76–0.84) 0.84 (0.80–0.88)

Note: The odds ratios (OR) denote increased or decreased likelihood among lapsed donors as compared to non-donors. The reference range for both the SF-12

physical component score (PCS) and SF-12 mental component score (MCS) was 0–100. Higher scores indicate better physical health for PCS and better mental
health for MCS. Further adjusted ORs were adjusted for region (of residence at time of invitation), attained highest education (short (basic school), medium,
long (12+ years)), and income (percentile of personal annual income). In addition, the predictors PCS, MCS, and BMI were also adjusted for smoking status,
diet, alcohol consumption, and physical activity.
aNot ORs but difference in mean value.
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Generally, blood donors were more physically active
than non-donors and fewer donors were inactive. Both
current and former smoking was less common in active
donors than in non-donors; in lapsed donors this was
only observed for current smoking.

The results regarding alcohol consumption did not fit a
simple monotone pattern. Binge drinking was slightly more
common in active donors than non-donors (OR = 1.15
[1.11–1.19]), while this was not seen for lapsed donors
(OR = 1.02 [0.98–1.05]). Likewise, moderate alcohol con-
sumption was slightly more common in active donors
(OR = 1.04 [1.00–1.09]) and slightly less common in lapsed
donors (OR = 0.93 [0.89–0.96]) than in non-donors.

3.3 | Predictors of becoming blood donor
and donor lapse

Next, we examined becoming a donor, among non-
donors at survey, and lapsing donation, among active
donors at survey, and report hazard ratios (Tables 4 and
5) for the association of the same predictors as in
(Tables 2 and 3) with these new outcomes. Generally, we
saw that factors promoting recruitment into the donor
corps also predicted donor retention and vice versa.
Hence, increased PCS, MCS, and BMI generally predicted
becoming donor and donor retention with the exception
that very healthy donors (PCS ≥ 60 or MCS ≥ 60) did not
obey the implied rules. We observed the expected

association with physical activity (from Tables 2 and 3),
that is, more physical activity was associated with
increased likelihood of becoming a donor and donor
retention. Extreme physical activity was a predictor of
becoming a donor, but overall irrelevant as predictor of
donor retention. Current smoking was negatively associ-
ated with entry into the donor population and was a pre-
dictor of lapsing donation. The patterns for alcohol
consumption were also as expected (from Tables 2 and
3), with the exception that binge drinking was not associ-
ated with lapsing donation (HR = 1.00 [0.96–1.04]).

3.4 | Predictors of blood donation
intensity

Predictors of intensity of blood donation are presented in
Table 6. The effect sizes were generally smaller than for pre-
vious outcomes. However, they seem more consistent, for
example, all manner of not drinking alcohol and not smok-
ing was associated with higher donation intensity. Being
overweight (HR = 1.06 [1.04–1.07]) or obese (HR = 1.08
[1.06–1.10]) seemed most predictive of donation intensity.

3.5 | Mortality

Modeling the death rate among participants and non-
respondents at age <67 years after invitation based on
age, sex, calendar year, participation, and donor status

FIGURE 1 Smoothed curves for the mean short form

12 physical component score (PCS) by age, sex, and donor status.

PCS can range from 0 to 100. Higher scores corresponds to better

overall health. Line weight denote donor status: Active donors,

lapsed donors, or never/non-donors. The solid and dashed lines

depicts mean PCS for males and females, respectively.

FIGURE 2 Smoothed curves for the mean short form

12 mental component score (MCS) by age, sex, and donor status.

MCS can range from 0 to 100. Higher scores corresponds to better

overall health. Line weight denote donor status: Active donors,

lapsed donors, or never/non-donors. The solid and dashed lines

depicts mean MCS for males and females, respectively.

BRODERSEN ET AL. 7

 15372995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/trf.17190 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [02/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



at time of invitation in a Poisson regression model,
that is, a multiplicative model, we found a lower mortal-
ity in participants (HR = 0.51 [049–0.53]), active donors
(HR = 0.40 [0.35–0.45]), and lapsed donors (HR = 0.83
[0.76–0.89]). This model implies that participation is asso-
ciated with lower mortality in every stratum of donor
behavior, for example, a participating active donor would
have a HR of about 1/5 that of a non-participating non-
donor. To back up this model claim we also produced
similar models stratified by donor status and adjusted for
sex and age and found participation to be associated with
lower mortality in all donor strata; HR = 0.44 [0.33–0.59]
(active donors) HR = 0.58 [0.48–0.65] (lapsed donors)
and HR = 0.51 [0.49–0.53] (non-donors).

4 | DISCUSSION

We linked data on nearly 600,000 individuals invited
to nationwide health surveys with a national database
of Danish blood donors to explore the associations
between blood donation career-trajectories and participa-
tion rates, self-reported health, modifiable lifestyles, and
mortality, respectively. The underlying objective was to
further characterize the HDE.

Low participation rates are a common characteristic
of modern health surveys. Since participants typically are
healthier than non-participants, the resulting bias may
compromise the ability to generalize survey observations
to entire/similar populations.21,22 The markedly lower

TABLE 4 Predictors of becoming blood donor among non-donors among the Danish National Health Survey participants.

Baseline characteristic HR (95% CI) crude
HR (95% CI) adjusted
for sex and age

HR (95% CI)
further adjusted

BMI: body mass indexa 0.92 (0.91–0.92) 1.00 (0.99–1.01) 1.01 (1.00–1.01)

PCS: SF-12 physical component scorea 1.07 (1.07–1.07) 1.03 (1.03–1.03) 1.02 (1.02–1.03)

MCS: SF-12 mental component scorea 0.99 (0.99–1.00) 1.01 (1.01–1.01) 1.01 (1.00–1.01)

BMI < 18.5 (thin) 1.39 (1.23–1.56) 0.68 (0.61–0.77) 0.73 (0.65–0.82)

BMI 18.5 ≤ BMI < 25 (normal) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

BMI 25 ≤ BMI < 30 (overweight) 0.60 (0.57–0.64) 1.08 (1.02–1.14) 1.14 (1.07–1.21)

BMI 30 ≤ BMI (obese) 0.42 (0.38–0.46) 0.77 (0.70–0.85) 0.89 (0.81–0.98)

PCS < 40 0.29 (0.25–0.34) 0.51 (0.44–0.59) 0.60 (0.51–0.69)

PCS 40 ≤ PCS < 60 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

PCS 60 ≤ PCS 1.78 (1.67–1.90) 1.12 (1.05–1.20) 1.08 (1.01–1.16)

MCS < 40 0.92 (0.86–0.99) 0.74 (0.69–0.80) 0.81 (0.76–0.87)

MCS 40 ≤ MCS < 60 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

MCS 60 ≤ MCS 0.56 (0.50–0.62) 0.88 (0.79–0.98) 0.89 (0.80–0.99)

Alcohol consumption: high risk 1.46 (1.35–1.57) 0.93 (0.86–1.00) 0.94 (0.87–1.01)

Alcohol consumption: moderate 1.44 (1.36–1.52) 1.10 (1.04–1.17) 1.08 (1.02–1.15)

Alcohol consumption: low risk 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Binge drinking: yes 2.17 (2.07–2.28) 1.20 (1.14–1.26) 1.17 (1.11–1.23)

Binge drinking: no 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Smoking: current 0.59 (0.56–0.63) 0.68 (0.64–0.72) 0.70 (0.66–0.75)

Smoking: former 0.48 (0.45–0.52) 1.01 (0.95–1.08) 1.02 (0.96–1.10)

Smoking: never 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Physical activity: extreme 3.10 (2.88–3.34) 1.16 (1.07–1.25) 1.14 (1.05–1.23)

Physical activity: high 1.67 (1.58–1.76) 1.33 (1.26–1.40) 1.30 (1.23–1.38)

Physical activity: light 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Physical activity: passive 0.89 (0.81–0.97) 0.74 (0.67–0.81) 0.76 (0.69–0.83)

Note: The hazard ratios (HR) denote increased (HR > 1) or decreased (HR < 1) rate of becoming a blood donor. The reference range for both the SF-12 physical

component score (PCS) and SF-12 mental component score (MCS) was 0–100. Higher scores indicate better physical health for PCS and better mental health
for MCS. Further adjusted HRs were adjusted for region (of residence at time of invitation), attained highest education (short (basic school), medium, long
(12+ years)), and income (percentile of personal annual income). In addition, the predictors PCS, MCS, and BMI were also adjusted for smoking status, diet,
alcohol consumption, and physical activity.
aHRs per unit increase in score or value.
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mortality among participants compared with non-
participants (adjusted analyses) in this investigation was
expected.21–23 Our analyses demonstrated that history of
blood donation was strongly associated with survey par-
ticipation. This pertained to active and lapsed donors
across all age groups, including above the upper age limit
for blood donation (67 years at time of invitation). Partic-
ipation was also correlated with number of recorded
donations at time of invitation to the survey both in
active and lapsed donors. For the active donors, these
observations are similar to what was reported in the
Dutch InSight investigation.7 The overrepresentation of
blood donors among study participants is perhaps unsur-
prising given the presumed underlying association

between good health and survey participation. However,
selection for good health may not suffice to explain the
enrichment of survey participants by blood donors
entirely.

Blood donors are routinely questioned about their
health in relation to blood donation, and this may have
contributed to their higher participation rates. Still, this
would not explain why participation was also associated
with future entry into the blood donor population. Thus,
the increased participation rates across all donation
career states may reflect that the same mechanisms that
drive individuals to volunteer for blood donation also
contribute to their willingness to participate in health
surveys. This would not be without precedence; rather it

TABLE 5 Predictors of lapsing for current donors among the Danish National Health Survey participants

Baseline characteristic HR (95% CI) crude
HR (95% CI) adjusted
for sex and age

HR (95% CI)
further adjusted

BMI: body mass indexa 0.99 (0.99–1.00) 1.00 (1.00–1.01) 1.00 (1.00–1.01)

PCS: SF-12 physical component scorea 0.99 (0.99–0.99) 0.99 (0.98–0.99) 0.99 (0.98–0.99)

MCS: SF-12 mental component scorea 0.98 (0.98–0.99) 0.99 (0.99–0.99) 0.99 (0.99–0.99)

BMI < 18.5 (thin) 1.40 (1.15–1.71) 1.21 (0.99–1.48) 1.20 (0.98–1.47)

BMI 18.5 ≤ BMI < 25 (normal) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

BMI 25 ≤ BMI < 30 (overweight) 0.88 (0.85–0.92) 0.98 (0.94–1.02) 0.98 (0.94–1.02)

BMI 30 ≤ BMI (obese) 1.01 (0.95–1.07) 1.06 (0.99–1.12) 1.05 (0.99–1.12)

PCS < 40 1.38 (1.25–1.52) 1.45 (1.32–1.60) 1.40 (1.27–1.55)

PCS 40 ≤ PCS < 60 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

PCS 60 ≤ PCS 1.17 (1.10–1.24) 1.05 (0.99–1.12) 1.04 (0.98–1.10)

MCS < 40 1.37 (1.29–1.46) 1.28 (1.20–1.36) 1.24 (1.16–1.32)

MCS 40 ≤ MCS < 60 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

MCS 60 ≤ MCS 0.85 (0.80–0.90) 0.95 (0.89–1.01) 0.96 (0.90–1.02)

Alcohol consumption: high risk 1.14 (1.07–1.23) 1.09 (1.02–1.17) 1.07 (1.00–1.15)

Alcohol consumption: moderate 1.05 (1.00–1.10) 0.99 (0.95–1.04) 0.98 (0.93–1.03)

Alcohol consumption: low risk 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Binge drinking: yes 1.05 (1.01–1.09) 1.01 (0.97–1.05) 1.00 (0.96–1.04)

Binge drinking: no 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Smoking: current 1.20 (1.14–1.26) 1.21 (1.15–1.28) 1.23 (1.17–1.29)

Smoking: former 1.04 (0.99–1.09) 1.12 (1.07–1.17) 1.12 (1.07–1.17)

Smoking: never 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Physical activity: extreme 1.09 (1.01–1.18) 1.01 (0.93–1.10) 1.00 (0.92–1.09)

Physical activity: high 0.92 (0.89–0.96) 0.93 (0.89–0.97) 0.92 (0.89–0.96)

Physical activity: light 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Physical activity: passive 1.14 (1.07–1.23) 1.13 (1.06–1.22) 1.14 (1.06–1.23)

Note: The hazard ratios (HR) denote increased (HR > 1) or decreased (HR < 1) rate of lapsing. The reference range for both the SF-12 physical component

score (PCS) and SF-12 mental component score (MCS) is 0–100. Higher scores indicates better physical health for PCS and better mental health for MCS.
Further adjusted HRs were adjusted for region (of residence at time of invitation), attained highest education (short(basic school), medium, long(12+ years)),
and income (percentile of personal annual income). In addition, the predictors PCS, MCS, and BMI were also adjusted for smoking status, diet, alcohol
consumption, and physical activity.
aHRs per unit increase in score or value.
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would equate blood donors' proclivity to participate in
health surveys with their increased willingness to also
donate financially to charities.24–26

The HDE was also manifested among survey partici-
pants. Mortality differed between participating current,
lapsed, and non-donors; active blood donors also
reported better mental and physical health than lapsed
and non-blood donors. The observation of active blood
donors' superior self-reported health is in agreement with
previous investigations, regardless of whether these have
assessed this with a single question1,7,9 or similar to the
present investigation by separate scores for mental and
physical health.2,11 Among active donors, self-reported
mental health increased with number of donations while

self-reported physical health did not. This, too, is broadly
consistent with observations in the Dutch InSight study.7

Because of the cross-sectional nature of our analyses,
they do not directly inform about the mechanisms result-
ing in correlation between self-reported health and dona-
tion activity. Still, by following study participants
prospectively we found that better self-reported physical
and mental health both predicted becoming a blood
donor, whereas poor self-reported physical and mental
health predicted donor lapse. Although the effect esti-
mates were modest, these opposite selection phenomena
indicate a continuous selection for increasingly good self-
reported health with increasing number of donations,
especially for mental health. We found no association

TABLE 6 Predictors of donation intensity for active donors among the Danish National Health Survey participants

Baseline characteristic HR (95% CI) crude
HR (95% CI) adjusted
for sex and age

HR (95% CI)
further adjusted

BMI: body mass indexa 1.01 (1.01–1.01) 1.01 (1.01–1.01) 1.01 (1.01–1.01)

PCS: SF-12 physical component scorea 1.00 (0.99–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)

MCS: SF-12 mental component scorea 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)

BMI < 18.5 (thin) 0.90 (0.83–0.98) 0.98 (0.90–1.06) 0.96 (0.88–1.05)

BMI 18.5 ≤ BMI < 25 (normal) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

BMI 25 ≤ BMI < 30 (overweight) 1.10 (1.09–1.12) 1.05 (1.04–1.06) 1.06 (1.04–1.07)

BMI 30 ≤ BMI (obese) 1.09 (1.07–1.11) 1.07 (1.05–1.09) 1.08 (1.06–1.10)

PCS < 40 1.06 (1.02–1.10) 1.03 (1.00–1.07) 1.01 (0.98–1.05)

PCS 40 ≤ PCS < 60 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

PCS 60 ≤ PCS 0.95 (0.94–0.97) 1.01 (0.99–1.03) 1.01 (0.99–1.03)

MCS < 40 0.96 (0.94–0.98) 1.00 (0.97–1.02) 0.99 (0.96–1.01)

MCS 40 ≤ MCS < 60 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

MCS 60 ≤ MCS 1.06 (1.04–1.08) 1.00 (0.98–1.02) 1.00 (0.98–1.02)

Alcohol consumption: high risk 1.00 (0.98–1.02) 1.02 (1.00–1.04) 0.99 (0.97–1.01)

Alcohol consumption: moderate 0.97 (0.95–0.98) 1.00 (0.98–1.01) 0.99 (0.98–1.00)

Alcohol consumption: low risk 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Binge drinking: yes 0.97 (0.96–0.99) 0.98 (0.97–0.99) 0.98 (0.96–0.99)

Binge drinking: no 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Smoking: current 0.99 (0.98–1.01) 0.99 (0.97–1.00) 0.97 (0.95–0.98)

Smoking: former 1.00 (0.99–1.01) 0.97 (0.96–0.99) 0.96 (0.95–0.97)

Smoking: never 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Physical activity: extreme 0.98 (0.96–1.01) 1.01 (0.98–1.03) 1.00 (0.98–1.03)

Physical activity: high 1.01 (1.00–1.02) 1.00 (0.98–1.01) 1.00 (0.99–1.01)

Physical activity: light 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Physical activity: passive 0.99 (0.96–1.01) 0.99 (0.96–1.01) 0.99 (0.97–1.01)

Note: The hazard ratios (HR) denote increased (HR > 1) or decreased (HR < 1) rate of lapsing. The reference range for both the SF-12 physical component

score (PCS) and SF-12 mental component score (MCS) is 0–100. Higher scores indicates better physical health for PCS and better mental health for MCS.
Further adjusted HRs were adjusted for region (of residence at time of invitation), attained highest education (short(basic school), medium, long(12+ years)),
and income (percentile of personal annual income). In addition, the predictors PCS, MCS, and BMI were also adjusted for smoking status, diet, alcohol
consumption, and physical activity.
aHRs per unit increase in score or value.
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between self-reported health and future donation inten-
sity; however, our study may have been inadequately
powered to this end. A recent study among participants
in the Danish Blood Donor Study demonstrated modest
associations between self-reported mental health, and in
female donors also self-reported physical health, and
future donation activity.11 Likewise, self-reported health
correlated with donation activity in the Dutch Insight
study.9 Results of the Dutch Insight Study indicated that
the strongest selection of blood donors for good health
occur at enrolment into the blood donor population. That
study also showed that, incipient, disease is an important
risk factor for donor lapse.7,9

We also investigated several lifestyle factors possibly
associated with becoming, being, and lapsing as a blood
donor. Donors differed from non-donors on nearly all the
examined parameters to some extent mirroring and possibly
partially explaining their better self-perceived health. The
presented results were consistent with continuous selection
of increasingly healthy individuals to become and remain
active blood donors. Active donors were less likely to be
smokers than non-donors, and the prevalence of current
smoking decreased with increasing number of donations.
Current smoking was also associated with a lower likeli-
hood of becoming a donor and with increased likelihood of
lapsing, as well as lower donation intensity among active
blood donors. Similar patterns were observed for the other
explored characteristics. Relatedly, the observed results for
binge drinking and extreme physical activity in relation to
becoming and lapsing could indicate that the donor cohort
features an influx and subsequent lapse of individuals with
high-experience acquisition lifestyles. However, confirma-
tion of this speculation require additional analyses and data
on characteristics pertaining to this personality type.
Finally, the associations between overweight/obese BMI
and continued donation was conceivably due to increased
blood volumes in these individuals.

Our findings align with previous studies of the
HDE.1,2,7,9,11,27 Our results suggest that in addition to any
theoretical beneficial effect repeated blood donations
may have on donor health, the correlation between
donor health and number of blood donations also reflects
selection of healthy individuals to become blood donors
and continuous selection of increasingly healthy individ-
uals to remain active blood donors.

We provide evidence to suggest that the HDE could
be expanded to include willingness to participate in
health surveys. Irrespective of which mechanism might
explain the overrepresentation of blood donors among
health survey participants, our data show that participat-
ing donors are among the healthiest of donors with an
extraordinary low mortality. Blood donors' willingness to
participate in health surveys is of a sufficient scale that it

is worth considering for these types of studies. This can
partially be remedied by weighting the results according
to response rates by sex, age, ethnicity, etc. We also show
that within the donor population self-reported health
increases with donor career duration. We show that
donor influx and efflux are associated with essentially
opposite characteristics. Our results and other investiga-
tions suggest that the inclination to become blood donor
is associated with good self-reported health and health
conscientious behavior. Independent of each other, these
characteristics increase the ability to sustain potential
adverse health effects that repeated blood donations
entail, that is, constitute a healthy donor career / survivor
effect.7,9 Such a model would explain the correlation for
self-reported physical and mental health with number of
donations among lapsed donors (J-shaped dose–response
pattern, data not shown).

The present investigation stands out from previous
studies of the HDE in several ways. Firstly, the study pop-
ulation was surveyed independently and without refer-
ence to blood donor status. This limits the bias that
might conceivably arise when health information is gath-
ered in the setting of blood donation and/or compared
with information for non-donors collected in other set-
tings.2,7 Secondly, we could assess self-perceived health
and lifestyle both as predictor of becoming a blood donor
and lapsing using accurate information on blood dona-
tion from SCANDAT.11,14,18,28 Thirdly, information from
health registers enabled examinations of mortality
according to both donor career- and health-survey status.

We consider the internal validity of this study to be
high. The outcomes, and most predictors in the study
period (death, donation histories, sex, birthdate, calendar
time, income, place of residence, education), were objec-
tive facts registered with almost 100% completeness and
accuracy.11,14,18,27,28 The self-reported survey questions
used are mostly well-validated workhorses of epidemiol-
ogy and survey sampling.17,29–33 One exception was the
item on binge drinking, as the wording/definition was
changed between surveys, >5 � 12 g alcohol on a single
occasion in 2010 but ≥5 � 12 g in 2013. The survey par-
ticipants had no incentive to be dishonest and questions
were not complicated to answer.22 The statistical models
used are definitely too simplistic as tools for prediction,
but for this broad-brush description of assumed causal
associations we consider them adequate.34

As demonstrated, a study base of blood donors
differs from the background population in important ways,
which must be accounted for in related studies. Conversely,
the relative homogeneity of the donor population is actually
a blessing, to promote internal validity and reliable inference,
that is generalizable exactly because it is an expression of a
pathophysiological mechanism. This would seem especially
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to be the case for studying relations between sub-clinical bio-
markers of pathophysiology in the healthy human host, that
is, phenomena you would expect not to depend on perso-
nality, education, income, and ethnicity.35–38

In conclusion, we provide evidence that history of blood
donation is associated with an increased likelihood to partici-
pate in public health surveys, and that this may be a manifes-
tation of the healthy donor or the healthy donor survivor
effect. We also demonstrate that correlates of future blood
donation choices—becoming or lapsing—would account for
increasingly good self-reported health and increasingly
healthy lifestyles with increasing number of donations.
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