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IMPORTANCE Following animal model data indicating the possible rejuvenating effects of
blood from young donors, there have been at least 2 observational studies conducted with
humans that have investigated whether donor age affects patient outcomes. Results,
however, have been conflicting.

OBJECTIVE To study the association of donor age and sex with survival of patients receiving
transfusions.

DESIGN, SETTING, AND PARTICIPANTS A retrospective cohort study based on the Scandinavian
Donations and Transfusions database, with nationwide data, was conducted for all patients
from Sweden and Denmark who received at least 1 red blood cell transfusion of autologous
blood or blood from unknown donors between January 1, 2003, and December 31, 2012.
Patients were followed up from the first transfusion until death, emigration, or end of
follow-up. Data analysis was performed from September 15 to November 15, 2016.

EXPOSURES The number of transfusions from blood donors of different age and sex.
Exposure was treated time dependently throughout follow-up.

MAIN OUTCOMES AND MEASURES Hazard ratios (HRs) for death and adjusted cumulative
mortality differences, both estimated using Cox proportional hazards regression.

RESULTS Results of a crude analysis including 968 264 transfusion recipients (550 257
women and 418 007 men; median age at first transfusion, 73.0 years [interquartile range,
59.8-82.4 years]) showed a U-shaped association between age of the blood donor and
recipient mortality, with a nadir in recipients for the most common donor age group (40-49
years) and significant and increasing HRs among recipients of blood from donors of
successively more extreme age groups (<20 years: HR, 1.12; 95% CI, 1.10-1.14; �70 years: HR,
1.25; 95% CI, 1.08-1.44). Higher mortality was also noted among recipients of blood from
female donors (HR, 1.07; 95% CI, 1.07-1.07). Adjustments for number of transfusions with a
linear term attenuated the associations, but the increased mortality for recipients of blood
from young, old, and female donors was not eliminated. Closer examination of the association
between number of transfusions and mortality revealed a nonlinear pattern. After
adjustments to accommodate nonlinearity, donor age and sex were no longer associated with
patient mortality.

CONCLUSIONS AND RELEVANCE Donor age and sex were not associated with patient survival
and need not be considered in blood allocation. Any comparison between common and less
common categories of transfusions will inevitably be confounded by the number of
transfusions, which drives the probability of receiving the less common blood components.
Previous positive findings regarding donor age and sex are most likely explained by residual
confounding.
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T he possible negative health effects linked to particular
characteristics of transfused blood units have received
much attention in recent years. Much of this research

has focused on the health effects of stored blood products.1-8

Although large observational and randomized studies have not
found any negative effect of stored blood,9-14 other character-
istics of blood units are receiving increasing attention.

Most recently, following reports from animal model stud-
ies suggesting that transfusions from young donors may have
rejuvenating effects in older recipients,15-20 there have been at
least 2 observational studies investigating whether donor age
influences the survival of patients receiving transfusions.21,22

The studies used dissimilar statistical methods and reported
conflicting results. In the first study, which was based on the
Scandinavian Donations and Transfusions (SCANDAT2)
database,23 a matched cohort design was used, and no associa-
tions were found between donor age and mortality of patients
who received transfusions.22 The second study, based on Ca-
nadian data, used a more complex, time-dependent survival
model and conversely reported increased risks of death among
recipients of blood from young and female donors.21

The difference between the findings of these 2 studies is
striking. If the Canadian findings are true, they would have im-
mediate implications for transfusion medicine practice. To un-
derstand and explain these differences and ultimately recon-
cile the contradictory results, we conducted a new retrospective
cohort study based on the SCANDAT2 database in which we
used methods similar to those used in the Canadian study by
Chassé et al.21

Methods
Data Sources
All analyses were based on the SCANDAT2 database, which has
been described in detail previously.23 In brief, the database con-
tains all electronically available data from Sweden since 1968 and
from Denmark since 1983 on blood donors, blood donations,
bloodcomponents,andpatientswhoreceivedtransfusions.Using
national registration numbers that are available for all persons
living in both countries,24,25 the SCANDAT2 database has been
linked with nationwide population registers, as well as registers
for hospital and outpatient care, cause of death, and cancer oc-
currence. The creation of the SCANDAT2 database and the con-
duct of this study were approved by the Danish Data Protection
Agency and the ethics review board in Stockholm, Sweden. In-
formed consent was waived by the ethics review board in Stock-
holm, Sweden, and the Danish Data Protection Agency.

Study Design
Blood unit allocation typically follows a first in–first out principle:
when 1 or more blood units are ordered for a patient, the blood
bank selects the available compatible unit(s) that had been stored
the longest. Consequently, within a given hospital or adminis-
trative region, all characteristics attributed to a blood unit—apart
from blood group—should be unconnected with patient charac-
teristics. Hence, characteristics such as donor age and sex should
not be associated with any prognostic factor of the patients. How-

ever, even if the blood units of interest are effectively randomly
allocated, a patient who receives many transfusions overall is
more likely to receive 1 or more of these units. Because under-
lying disease severity is linked to both the number of transfusions
and the risk of death, a comparison of the risk of death among
patients who did receive particular blood units of interest and
those who did not can still be confounded. As such, meticulous
adjustments are warranted. In this case, adjustment for the total
number of transfusions will break the association between dis-
ease severity and the exposure of interest and will thus remove
the confounding. More important, because the association be-
tween the number of transfusions and the risk of death is not
direct,26 this adjustment must be set up flexibly to allow nonlin-
ear associations. In addition, because the distribution of donor
age, as well as patient mortality, may differ geographically, analy-
ses must also account for the hospital. A detailed description of
the analytical background is found in the eAppendix and eFig-
ures 1 and 2 in the Supplement.

We designed a retrospective cohort study similar to the one
described by Chassé et al.21 The analyses were restricted to the
period from January 1, 2003, to December 31, 2012. We in-
cluded all patients who were recorded to have received at least
1 red blood cell transfusion in this period. We excluded pa-
tients who received autologous transfusions or units that could
not be traced to an identified donor. Patients who received
transfusions were followed up from the date of the first trans-
fusion until death, emigration, or end of follow-up. To in-
crease the sensitivity for short-term survival effects, we also
performed analyses in which the patients were followed up for
a maximum of 30 days.

Given its importance in mediating the confounding ef-
fect of disease severity (eAppendix in the Supplement), we first
examined the association between total number of red blood
cell transfusions and risk of death using 3 separate statistical
models based on the 30-day follow-up model. We fitted 1 model
that incorporated only a log-linear term for number of trans-
fusions; another model in which this variable was catego-
rized as 1 to 10 or 11 to 20, and so on; and a third model in which
number of transfusions was fitted as a restricted cubic spline
with 5 knots (eAppendix in the Supplement). For each of the
3 models, we then extracted the predicted hazard ratio (HR)
for all possible values for the “number of transfusions” vari-
able, with 15 transfusions arbitrarily set as the reference. As

Key Points
Question Does the sex and age of blood donors affect survival of
patients receiving transfusions?

Findings In this binational cohort study, which included 968 264
patients who received transfusions, there was no association
between age and/or sex of blood donors and survival of patients.
Even among the patients who received multiple units of blood
from very young or very old donors, absolute mortality differences
compared with patients who received no such units of blood were
consistently below 0.5%.

Meaning The age and sex of blood donors do not influence
patient survival and need not be considered in blood allocation.
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an objective measure of model fit to compare the 3 models, we
used the Akaike information criterion.27

Statistical Analysis
Statistical analysis was performed from September 15 to Novem-
ber 15, 2016. All blood units were categorized by donor age (<20,
20-29, 30-39, 40-49, 50-59, 60-69, or ≥70 years) and sex (male
or female). The main exposure of interest was the number of red
blood cell transfusions from donors of different age and sex. The
cumulative number of transfusions of each category was allowed
tochangeinatime-dependentmannerduringfollow-up.Because
the SCANDAT2 database records only the date and not the exact
time of transfusion, exposure was allowed to change only once
per day. The relative risk of death, expressed as HRs, in relation
to the number of blood units from donors of a particular age or
sex was estimated using Cox proportional hazards regression
models. The models were set up using the Andersen-Gill count-
ing process model.28 More important, in all analyses, we only
incorporated information that was known at the time to be rep-
resented in the model. Analyses were conducted separately for
donor age and donor sex exposures.

We used 2 different analytical approaches. First, we fitted
1setofmodelsthatweresimilartothoseintheanalysesbyChassé
et al.21 Specifically, we added 1 variable for each of the exposures
of interest to the same model. For the models investigating as-
sociations between donor and recipient mortality, we included
1 variable for each donor age category except for the reference
category (40-49 years). These variables contained each recipi-
ent’s attained number of blood units of each donor age category.
Similarly, in the models of the association between donor sex and
recipient mortality, we included 1 variable for the number of units
originating from female donors, with blood from male donors
as the reference. Because we thought that adding several highly
correlated variables in the same model might lead to distorted
results, we also set up an alternative approach that was differ-
ent from the one used by Chassé et al.21 We instead performed
1 statistical analysis per donor characteristic variable. For donor
age, this meant 7 separate analyses (1 for each age group variable),
and for donor sex, 2 separate analyses (1 for the number of units
from male donors and 1 for the number of units from female do-
nors). In each of these models, the reference category constituted
recipients of all other types of units.

In both of the approaches outlined, all variables for num-
ber of units of each category were fitted as log-linear terms,
but to examine possible dose-response effects in more detail,
we also performed analyses in which the number of units from
donors of a particular age or sex was categorized as 0, 1 to 2,
or 3 or more units. The categorical analysis was performed only
for the second approach. For the categorized analyses, we also
computed covariate-adjusted cumulative mortality for each ex-
posure group, and cumulative mortality differences at 30 days
to provide a more clinically relevant outcome measure.

Both main sets of analyses were otherwise similar and were
designed to be identical to the analyses in the Canadian study,
wherever possible. Adjustment was thus performed for the cu-
mulative number of transfusions, patient age, patient sex, and
Charlson Comorbidity Index,29,30 as ascertained from the respec-
tive patient register (see eTable 1 in the Supplement for coding

details). Because the association between the number of trans-
fusions and the risk of death was distinctly nonlinear on the log
scale (eFigure 3 in the Supplement), we fitted this variable as a
restricted cubic spline with 5 knots to account for nonlinearity
(eAppendix in the Supplement). To allow comparison with the
results from the study by Chassé et al,21 in which this adjustment
was performed using a log-linear term, we also fitted models ad-
justingforcumulativenumberoftransfusionsasalog-linearterm.
Becauseweincludeddatafromalargenumberofhospitals,which
may differ both in donor demographics and patient mortality, we
also adjusted for hospital by stratifying the Cox proportional haz-
ards regression model for this variable.

To validate the overall statistical approach, we per-
formed an analysis in which, instead of using the actual age
and sex of the contributing donors, we assigned the donor age
and donor sex of each blood unit randomly according to the
donor age and sex distribution presented in the study by Chassé
et al.21 This analysis was based on the premise that receipt of
1 or more red blood cell units with a certain randomly as-
signed characteristic should not be causally associated with
patient outcomes.31 The analysis otherwise followed the same
approach as the main analyses.

All data processing and statistical analyses were con-
ducted using SAS statistical analysis software, version 9.4 (SAS
Institute Inc). The data set for the time-dependent model was
designed using the publicly available Stratify macro.32

Results
Of the 1 015 159 patients in the database who received trans-
fusions between 2003 and 2012, a total of 981 971 received at
least 1 red blood cell unit. After exclusion of 13 271 patients who
received transfusions from donors with uncertain identity and
436 patients who received autologous transfusions, 968 264
patients remained for analysis. The characteristics of the study
population are presented in Table 1. The median age of the pa-
tients at the first transfusion was 73.0 years (interquartile range,
59.8-82.4 years), 550 257 (56.8%) were women, and 569 119
(58.8%) were from Sweden.

eFigure 3 in the Supplement depicts the estimated asso-
ciation between the cumulative number of red blood cell trans-
fusions and the HR of death when the number of transfu-
sions was fitted as a log-linear term, a categorical term, and
using a spline function. The log-linear assumption resulted in
the poorest model fit (as indicated by the highest Akaike in-
formation criterion), and the model using a restricted cubic
spline resulted in the best model fit.

Table 2 presents the results of models investigating the as-
sociation between the numbers of transfused red blood cell
units from donors with particular characteristics and the mor-
tality of transfusion recipients. When follow-up was re-
stricted to 30 days, there was a U-shaped association, with a
nadir corresponding to recipients of the most common cat-
egory of blood units (donor age, 40-49 years [reference]) and
significant and increasing HRs among recipients of blood from
donors of successively more extreme (and, at the same time,
increasingly uncommon) age groups (<20 years: HR, 1.12; 95%

Research Original Investigation Donor Age and Sex and Survival of Patients Receiving Transfusions

856 JAMA Internal Medicine June 2017 Volume 177, Number 6 (Reprinted) jamainternalmedicine.com

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2017.0890&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.0890
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2017.0890&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.0890
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2017.0890&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.0890
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2017.0890&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.0890
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2017.0890


CI, 1.10-1.14; ≥70 years: HR, 1.25; 95% CI, 1.08-1.44). The as-
sociation was attenuated but still noticeable with statistically
significantly elevated HRs among recipients of blood from the
youngest and oldest donors when we adjusted for cumula-
tive number of transfusions as a log-linear term (model 1; <20
years: HR, 1.02; 95% CI, 1.00-1.05; ≥70 years: HR, 1.16; 95% CI,
1.01-1.35). More important, when adjustment for number of
transfusions was performed with a restricted cubic spline func-
tion, none of the considered factors were associated with risk
of death in the recipient (model 2). The HR per transfusion from
a donor younger than 20 years of age was 0.98 (95% CI, 0.96-
1.00). We observed similar patterns when we considered do-
nor sex, with an HR of 0.99 (95% CI, 0.99-1.00) per unit from
a female donor in the fully adjusted model. When follow-up
was unrestricted during the 10-year study period, the num-
ber of units from donors younger than 20 years of age was again
associated with the risk of death in model 1 (HR, 1.04; 95% CI,
1.03-1.04) but not in model 2 (HR, 1.01; 95% CI, 1.00-1.01).

Results from the second analytical approach, in which we
considered the different variables for donor age and sex in sepa-
rate models, are presented in eTable 2 in the Supplement. As
in Table 2, we saw statistically significant associations only in
the unadjusted model and in model 1, in which we adjusted for
number of red blood cell transfusions as a log-linear term. Here,
associations were stronger than in Table 2, with HRs ranging
from 1.05 (95% CI, 1.04-1.05) per unit from a donor who was
50 to 59 years of age to 1.32 (95% CI, 1.14-1.52) per unit from a
donor who was 70 years of age or older. With more careful ad-
justment for number of transfusions using restrictive cubic
splines, all associations disappeared. Results from analyses with
unrestricted follow-up were largely similar (eTable 2 in the
Supplement).

More important, when the exposure in eTable 2 in the
Supplement was categorized according to number of red blood
cell transfusions of each respective blood category, no clear
dose-response effects emerged (eTable 3 in the Supplement).
When we compared patients who received 3 or more units with
a particular characteristic with patients who received no such
units, adjusted 30-day cumulative mortality differences were
consistently below 0.5%, with upper 95% confidence limits no
higher than 1.0% (eTable 4 in the Supplement).

Thesensitivityanalysesconsideringtheeffectsofbloodunits
from donors with randomly assigned age and sex are presented
in Table 3. Despite the fact that the analyses were conducted on
data for which the exposure of interest was randomly assigned
and for which there should thus be no genuine causal associa-
tions with the outcome, models that adjusted for the number of
transfusions using a linear term produced statistically significant
associations with the lowest HRs in the most common blood cat-
egory and with increasing HRs with more extreme (and more
uncommon) categories, just as in Table 2. And, as in Table 2, all
associations were removed with full statistical adjustment.

Discussion
Following a recent publication from a Canadian research group
reporting increased mortality among patients who received red

blood cell transfusions from both young donors and female
donors,21 we set out to replicate these findings in an indepen-
dent patient cohort. Using the same analytical approach as in
the Canadian study, we were able to replicate their findings
with some variation in point estimates. However, after adjust-
ing more carefully for the total number of red blood cell trans-
fusions, neither donor age nor donor sex was associated with
patient mortality. Assuming our approach is correct, these find-
ings indicate that, with regard to recipient outcomes, neither
of these donor characteristics need be considered when allo-
cating red blood cell units for transfusion.

For most patients, the allocation of blood units follows very
predictable rules. Typically, when a clinician orders a blood unit
for a patient, the local blood bank will select the oldest avail-
able unit of a compatible blood type. Other blood unit charac-
teristics, such as donor age and sex, can therefore be assumed
to be randomly distributed among patients. When studying as-
sociations between the numbers of transfusions with a particu-
lar characteristic and the risk of death in the recipient, under-
lying disease severity in patients may still confound the
association through total number of transfusions (eAppendix
in the Supplement). However, with meticulous adjustment for
total number of transfusions, it should be possible to block the
confounding effect of patient disease severity entirely. This rea-
son is why patients in a previous study of donor age and pa-
tient outcomes were matched on the number of transfusions.22

Table 1. Characteristics of Study Population

Characteristic
Patients, No. (%)
(N = 968 264)

Female sex 550 257 (56.8)

Country

Sweden 569 119 (58.8)

Denmark 399 145 (41.2)

Age at first transfusion, median (IQR), y 73.0 (59.8-82.4)

Red blood cell transfusions, mean (SD), No.a 3.7 (4.4)

Charlson Comorbidity Index

0 426 317 (44.0)

1-3 451 588 (46.6)

4-6 79 483 (8.2)

≥7 10 876 (1.1)

Transfusions from donor by particular
characteristics, mean (99th percentile), No.a

Donor age, y

<20 0.07 (1)

20-29 0.61 (5)

30-39 0.81 (5)

40-49 1.04 (6)

50-59 0.88 (6)

60-69 0.31 (3)

≥70 0.00 (0)

Donor sex

Female 1.52 (9)

Male 2.20 (13)

Abbreviation: IQR, interquartile range.
a Refers to transfusions given during first 30 days of follow-up.
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Because of the large size of the study cohort, with long-
term follow-up and access to detailed data from population-
based health data registers, we were able to characterize the
nonlinear association between number of red blood cell
transfusions33 and recipient risk of death. Based on this analy-
sis, we created a statistical model that corrected for this fac-

tor very carefully. We then verified the adequacy of our sta-
tistical model using a simple simulation in which the age and
sex of the contributing blood donors were assigned ran-
domly. Again, this process revealed strong associations in the
unadjusted model but no associations in the fully adjusted
model.

Table 2. Hazard Ratios of Death in Association With Number of Red Blood Cell Transfusions From Donors
of Different Age and Sex

Characteristic
Red Blood Cell
Units, No. (%)a

Hazard Ratio (95% CI)b

Unadjusted Modelc Model 1c Model 2c

30-d Follow-upd

Donor age, y

<20 67 896 (1.9) 1.12 (1.10-1.14) 1.02 (1.00-1.05) 0.98 (0.96-1.00)

20-29 592 890 (16.5) 1.00 (0.99-1.00) 0.92 (0.91-0.92) 0.99 (0.98-1.00)

30-39 788 079 (21.9) 1.03 (1.02-1.03) 0.94 (0.94-0.95) 1.00 (0.99-1.01)

40-49 1 004 800 (27.9) 1 [Reference] 1 [Reference] 1 [Reference]

50-59 848 007 (23.5) 1.08 (1.08-1.09) 0.99 (0.98-1.00) 1.00 (0.99-1.01)

60-69 299 377 (8.3) 1.10 (1.09-1.11) 1.00 (0.99-1.01) 0.99 (0.98-1.00)

≥70 1674 (0.0) 1.25 (1.08-1.44) 1.16 (1.01-1.35) 1.03 (0.89-1.20)

Donor sex

Female 1 468 785 (40.8) 1.07 (1.07-1.07) 0.96 (0.96-0.97) 0.99 (0.99-1.00)

Male 2 133 938 (59.2) 1 [Reference] 1 [Reference] 1 [Reference]

Unrestricted follow-upe

Donor age, y

<20 126 847 (1.9) 1.10 (1.09-1.10) 1.04 (1.03-1.04) 1.01 (1.00-1.01)

20-29 1 104 248 (16.3) 1.03 (1.03-1.03) 1.02 (1.02-1.02) 0.99 (0.99-1.00)

30-39 1 464 872 (21.6) 1.02 (1.02-1.02) 1.00 (1.00-1.00) 0.99 (0.99-1.00)

40-49 1 889 084 (27.9) 1 [Reference] 1 [Reference] 1 [Reference]

50-59 1 600 320 (23.6) 1.02 (1.02-1.02) 1.00 (1.00-1.00) 1.00 (1.00-1.00)

60-69 578 194 (8.5) 1.02 (1.02-1.02) 1.00 (1.00-1.01) 1.01 (1.01-1.02)

≥70 3238 (0.0) 0.86 (0.84-0.88) 0.85 (0.83-0.87) 0.96 (0.91-1.01)

Donor sex

Female 2 762 781 (40.8) 1.04 (1.04-1.04) 1.01 (1.01-1.01) 1.00 (1.00-1.00)

Male 4 004 022 (59.2) 1 [Reference] 1 [Reference] 1 [Reference]

a Percentages may not total 100%
owing to rounding.

b Hazard ratios are per transfused
blood unit.

c The unadjusted model only included
terms for donor age or sex. Model 1
adjusted for number of red blood
cell transfusions as a log-linear term.
Model 2 adjusted for total number
of red blood cell transfusions as a
restricted cubic spline with 5 knots.
All 3 models were stratified by
hospital to account for regional
differences. Both model 1 and
model 2 also included parameters
for Charlson Comorbidity Index
score, sex, and age.

d Number of transfusions = 3 602 723.
e Number of transfusions = 6 766 803.

Table 3. Hazard Ratios of Death During 30 Days in Association With Number of Red Blood Cell Transfusions From Donors of Different Randomly
Allocated Age and Sex

Characteristic
Donor Age/Sex
Distribution, %a

Hazard Ratio (95% CI)b

Unadjustedc Model 1c Model 2c

Randomly allocated donor age, y

<20 10.7 1.05 (1.04-1.06) 1.03 (1.02-1.04) 1.00 (0.99-1.01)

20-29 18.3 1.06 (1.05-1.06) 1.04 (1.03-1.05) 1.00 (0.99-1.01)

30-39 15.4 1.05 (1.04-1.05) 1.03 (1.02-1.04) 1.00 (0.99-1.01)

40-49 23.8 1 [Reference] 1 [Reference] 1 [Reference]

50-59 22.9 1.03 (1.03-1.04) 1.01 (1.00-1.02) 1.00 (0.99-1.01)

60-69 8.6 1.02 (1.01-1.03) 0.99 (0.98-1.01) 1.00 (0.99-1.01)

≥70 0.3 1.19 (1.13-1.26) 1.22 (1.16-1.29) 0.98 (0.93-1.03)

Randomly allocated donor sex

Female 48.7 1.06 (1.06-1.06) 0.98 (0.98-0.99) 1.00 (1.00-1.01)

Male 51.3 1 [Reference] 1 [Reference] 1 [Reference]
a The donor age and sex of each blood unit was randomly allocated according to

the age and sex distributions of the donors in the study by Chassé et al.21

Percentages may not total 100% owing to rounding.
b Hazard ratios are per transfused blood unit.
c The unadjusted model only included terms for donor age/or sex. Model 1

adjusted for number of red blood cell transfusions as a log-linear term. Model 2
adjusted for number of red blood cell transfusions as a restricted cubic spline
with 5 knots. All 3 models were stratified by hospital to account for regional
differences. Both model 1 and model 2 also included parameters for Charlson
Comorbidity Index score, sex, and age.
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Limitations
There are some differences between the study by Chassé et al21

and our study that should be mentioned. First, there may be
higher-level differences in donor demographics, blood-bank
logistics, and component manufacture processes that may at
least theoretically have contributed to some of the differ-
ences in the results. Moreover, it is quite likely that there are
differences between the patients who received transfusions in
Scandinavia and the patients who received transfusions in
Canada, including mean follow-up and patient mortality,
which, in turn, may affect relative risk magnitudes. The key
difference between the 2 studies is rather the difference in ad-
justing for the key confounding factor, number of transfu-
sions, in which we show that insufficient attention to this
variable will result in strong associations between number of
blood components from young or very old donors and recipi-

ent risk of death, even when donor age and sex were assigned
randomly in a simulation. Therefore, we believe that, rather
than reflecting true biological effects, the Canadian results can
be explained by residual confounding (ie, that the observa-
tions resulted from incomplete adjustment for the number
of transfusions).

Conclusions
The age and sex of donors of red blood cell units are unlikely
to influence the survival of patients receiving transfusions. In
addition, we believe these data reinforce the importance of ex-
treme caution in assessing epidemiologic analyses in this field
given the tremendous clinical and logistical implications of
false-positive findings.
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Invited Commentary

Statistical Caution in Big Data Approaches
to Transfusion Medicine Research
Nareg Roubinian, MD, MPHTM; Donald Brambilla, PhD; Edward L. Murphy, MD, MPH

Allogeneic blood transfusions involve complex biological
products prepared from donated blood and are considered
unique in many respects compared with other health care
therapeutics. Blood donors are a demographically and geneti-

cally diverse group of indi-
viduals with inherited differ-
ences that may affect the
stability of and outcomes as-

sociated with transfused blood components. Given the inher-
ent variation in donated blood, most countries use a regula-
tory authority, such as the US Food and Drug Administration,
to monitor factors associated with blood collection, manipu-
lation, storage, and safety. Following significant advances in
the reduction of infectious risks that have been associated with
allogeneic blood transfusion during the past 2 decades, there
has been a concerted effort to understand and improve the
quality and potency of donated blood components. Recent ef-
forts have been devoted to understanding the effect of blood
processing methods, storage solutions, and duration of blood
product storage on the quality of the product.

Attention has shifted to examining the effect of product
quality on noninfectious adverse events after blood transfu-
sion. An example of this is transfusion-related acute lung in-
jury, a rare but potentially fatal complication thought to be as-
sociated with the presence of anti–human leukocyte antigen
antibodies in transfused blood. These antibodies are more com-
mon in multiparous women and the deferral of some female do-
nors for plasma and platelet blood products led to dramatic de-
clines in the incidence—but not the elimination—of this
pulmonary transfusion reaction. More recently, animal and hu-

man studies have increased attention on the role of factors in
the blood of young individuals and clinical outcomes.1-4

The widespread use of electronic health records has led to
the opportunity to investigate the potential adverse outcomes
associated with transfusion therapy by linking data on blood do-
nors, processed components, and transfusion recipient out-
comes. In this issue of JAMA Internal Medicine, Edgren and
colleagues5 provide additional insights into the association of
blood donor factors with recipient survival after transfusion of
red blood cells. The investigators replicated the analytic model
previously published by a group of Canadian investigators who
found increased mortality in recipients of blood from female do-
nors and younger donors.4 The longitudinal cohort study by
Edgren et al5 linked data on blood donors with transfusion re-
cipient outcomes from administrative databases containing
comorbid diagnoses and mortality outcomes in Sweden and
Denmark. As in the previous study, Edgren et al5 examined the
association between specific exposures (donor age and sex) and
the primary outcome (transfusion recipient survival), but they
included different approaches to controlling for potential con-
founding associated with the total number of units transfused.

It is worth reiterating that blood allocation is principally de-
termined by a transfusion recipient’s blood type and not from
other characteristics of the blood donor, including age or sex.
Given lack of clinical awareness of donor characteristics, one can
expect random distribution of blood from male or female donors
and from various age groups; therefore, epidemiologic study of
these exposures would not be expected at first glance to be lim-
ited by confounding. However, Edgren et al5 suggest that more
subtle confounding may remain. This possible confounding is
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