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The possible rejuvenating effects of transfusions from young donors
to older patients have generated considerable interest recently,
following publication of a study showing improvements in muscle
regeneration when older mice were transfused with blood from
younger mice.' Subsequent studies where the circulatory systems of
young and old mice have been connected have provided evidence
of beneficial effects of blood from young mice on several age-related
functions such as cognitive decline,” hepatocyte proliferation,' re-
versal of cardiac hypertrophy,® and improved remodeling of aged
bone.* More recently, the plasma protein growth differentiation
factor 11 (GDF-11), which is found in plasma of younger mice,
has been implicated in driving some of the beneficial effects of
transfusions from young donors.”®

To date, there are no studies investigating the rejuvenating effects
of transfusions from young donors in humans. A number of possible
therapeutic implications, particularly the functional restoration of
age-related damaged tissues, have been theorized and, consequently,
2 trials (www.clinicaltrials.gov, #NCT01561053 and #NCT02256306)
have been initiated to study whether Alzheimer disease patients
experience cognitive improvements when transfused with plasma
from healthy younger donors.’

To test the hypothesis that transfusion of blood from young
donors improves survival of patients, we performed a cohort study
with data on blood donors and transfused patients extracted from the
Scandinavian Donations and Transfusions database (SCANDAT?2),
which includes information on blood donors, donations, transfu-
sions, and patients from Sweden and Denmark dating back to the
1960s and 1980s, respectively.® SCANDAT2 was linked with
nationwide population and health data registers using unique
national registration numbers assigned to all individuals in both
countries, thus allowing for unbiased long-term follow-up for
a range of health outcomes including death, hospital care, and
cancer.”'?

We established 2 separate but partly overlapping patient cohorts
transfused between 1995 and 2012, 1 of plasma recipients and 1 of
red cell recipients. Patients in the plasma cohort were thus allowed
to receive red cell units and vice versa. Because platelet components
are often composed of units pooled from 4 to 6 donations where
contributing donors would often be of different age, we did not
include a platelet cohort. For analytical simplicity, the assessment of
transfusion exposure was restricted to the first 7 days of transfusions
for each person, referred to as a “transfusion episode.” Previously
transfused patients and recipients of autologous transfusions were
excluded. In both cohorts, patients were grouped according to the
ages of all of their contributing donor(s). We established 3 groups
with patients who had exclusively received products from donors
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younger than 25 years, donors aged 25 to 50 years, or donors older
than 50 years. Patients who received blood from donors of >1 age
category were excluded from the analyses. Analyses were conducted
as a matched cohort study. We first identified all patients who ex-
clusively received blood from donors younger than 25 years. For
these index patients, 3 control patients were then selected from each
of the other 2 exposure groups, matched to have received the exact
same number of transfusions at the same hospital at approximately
the same time (*1 year).

Mantel-Haenszel tests were used to assess differences between
the groups for categorical variables and conditional linear regres-
sion for continuous variables.'' Patients were followed from the
last transfusion in the transfusion episode until the first of death,
emigration, December 31, 2012, or end of follow-up (30 days or
1 year after the start of the transfusion episode). Hazard ratios (HRs)
for death were estimated using a stratified Cox model accounting for
the matched sets. Analyses were further adjusted for sex, age, and
calendar period. Ninety-five percent confidence intervals (95% Cls)
were constructed using robust standard errors. A priori subanalyses
were done, restricted to patients with a prior diagnosis of dementia,
cardiovascular disease, or cerebrovascular disease. We also performed
sensitivity analyses with donor age categorized as <20, 20 to 50, or
>50 years old.

All data processing and statistical analyses were done using
SAS statistical analysis software (version 9.4; SAS Institute, Inc,
Cary, NC). P values < .05 were considered statistically signif-
icant. The study was approved by relevant authorities in both
countries.

The current analysis included 45 664 plasma and 136 639 red
blood cell transfusion recipients. There were only very small dif-
ferences in baseline characteristics between the exposure groups
(Table 1).

The 30-day and 1-year relative risks of death from any cause in
relation to donor age are presented in Table 2. Donor age was not
associated with overall 30-day and 1-year mortality following
plasma or red cell transfusion. Similar results were seen in patients
with known dementia or cardiovascular or cerebrovascular disease.
The only exceptions to the overall inconspicuous pattern were a
lower 30-day mortality for patients with known prior history of
cerebrovascular disease who received plasma transfusions from
donors older than 50 years (HR, 0.76; 95% CI, 0.59-0.97), and a
contrastingly higher 1-year mortality among patients who received
plasma units from older donors over 50 years of age (HR, 1.05;95% ClI,
1.01-1.09). Sensitivity analyses with a more extreme categorization
of donor age (ie, as <20, 20-50, or >50 years old) yielded almost
identical results, albeit with poorer statistical precision (data not
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Table 1. Characteristics of the study population
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Donor age category

<25y 25-50 y 51-70 y P
Plasma cohort

No. of patients (% of total) 5334 (11.7) 20723 (45.4) 19607 (42.9) n/a
Female sex, N (%) 2404 (45.1) 9773 (47.2) 9151 (46.7) .01
Median no. of transfusions (range) 1(1-6) 1 (1-6) 1(1-5) 1.00*
Patient mean age (SD), y 59.9 (25.4) 59.5 (25.5) 59.1 (25.7) .06*
Country

Denmark 1374 (25.8) 5329 (25.7) 5020 (25.6) 1.00

Sweden 3960 (74.2) 15394 (74.3) 14587 (74.4)
Indication for transfusion

Trauma 732 (13.7) 2764 (13.3) 2587 (13.2) .32

Obstetric 149 (2.8) 586 (2.8) 575 (2.9)

Cardiac/vascular surgery 1028 (19.3) 4085 (19.7) 3959 (20.2)

Malignancy surgery 559 (10.5) 2187 (10.6) 2064 (10.5)

Other surgery 1171 (22.0) 4580 (22.1) 4341 (22.1)

Hematologic disease 344 (6.4) 1331 (6.4) 1258 (6.4)

Other malignant disease 226 (4.2) 877 (4.2) 816 (4.2)

All other indications 1125 (21.1) 4313 (20.8) 4007 (20.4)

Red cell cohort

No. of patients (% of total) 19828 (14.5) 58978 (43.2) 57833 (42.3) n/a
Female sex, N (%) 11365 (57.3) 34007 (57.7) 33141 (57.3) .66
Median no. of transfusions (range) 1 (1-5) 1 (1-5) 1 (1-5) 1.00*
Patient mean age (SD), y 66.7 (19.6) 64.0 (24.8) 62.7 (25.7) <.0001*
Country

Denmark 7022 (35.4) 20894 (35.4) 20526 (35.5) 1.00

Sweden 12806 (64.6) 38084 (64.6) 37307 (64.5)
Indication for transfusion

Trauma 3548 (17.9) 10327 (17.5) 9663 (16.7) <.001

Obstetric 472 (2.4) 1631 (2.8) 1751 (3.0)

Cardiac/vascular surgery 2545 (12.8) 7456 (12.6) 7229 (12.5)

Malignancy surgery 1765 (8.9) 5117 (8.7) 5119 (8.9)

Other surgery 4434 (22.4) 12945 (21.9) 12846 (22.2)

Hematologic disease 1390 (7.0) 4186 (7.1) 4288 (7.4)

Other malignant disease 1233 (6.2) 3664 (6.2) 3717 (6.4)

All other indications 4441 (22.4) 13652 (23.1) 13220 (22.9)

n/a, not applicable.
*P values obtained using conditional linear model.

shown). No interaction between donor age and number of
transfusions was observed, indicating that donor age did not affect
patient survival even among those who received higher numbers of
transfusions. Thus, our overall interpretation is that both 30-day
and 1-year mortality is independent of blood donor age for both
plasma and red cell transfusion recipients.

The key strength of our investigation, in addition to the large
sample size and reliable transfusion and follow-up data, is an effect of
the administrative principles for allocation of blood units. Because
blood donor age is not considered when a unit is selected for a
particular patient, the allocation of blood units from donors of
different age groups should thus effectively be randomly distributed
among patients transfused in the same circumstances, leaving little
scope for confounding.

Although systemic factors in the blood of young mice have been
shown to have arejuvenating effect in older mice on arange of organs
including neurons, vascular endothelium, cardiomyocytes, and
3312 e find no plausible evidence of such effects on life
span, either overall or in patients with known dementia, cardiovas-
cular disease, or prior cerebrovascular events who might benefit
more from rejuvenating effects. That said, our results may not be
directly comparable to data from mouse models. First, in experimen-
tal parabiotic models, a continuous circulatory circuit is typically

muscle,

maintained for several weeks because it takes at least 1 to 2 weeks
for vascular connections to develop and any biologic effect to be
observed.'® Because of the observational design of our study, we
were forced to restrict the analyses to 1 transfusion episode and it is
thus possible that we missed clinically relevant effects which could
occur in chronically transfused patients. Similarly, as we selected
patients who had only received blood units from donors of the same
age and matched the 3 exposure groups to have received the exact
same number of transfusions, the included patients at most only
received modest numbers of transfusions. It is possible that there
may be beneficial effects of transfusions from young donors
among patients who receive larger numbers of transfusions, which
we acknowledge as a limitation. Second, there may have been
some degree of degradation of the possibly rejuvenating factors
during manufacture and storage of blood products. Third, al-
though we classified young donors as being younger than 25
years, which should correspond to mice aged 3 to 4 months as in
previous experiments,'* differences in the life span and meta-
bolic capacity in the 2 species may render the results biologically
incomparable.'®

To conclude, this first epidemiological study of rejuvenating
effects in humans does not support the notion that donor age has
positive effects on prolonging life span among transfused patients.
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Table 2. Short- and long-term mortality in the plasma and red cell cohorts, in relation to age of contributing blood donors

Recipients of blood from donors

Recipients of blood from donors

Recipients of blood from donors

aged <25y aged 25-50 y aged >50 y
No. of No. of HR No. of No. of HR No. of No. of HR
patients  deaths (%) (95% CI) patients  deaths (%) (95% Cl) patients deaths (%) (95% Cl)
Plasma recipients
30-d mortality
All transfused patients 5334 707 (13.3) 0.99 (0.91-1.07) 20273 2722 (13.4) 1.00 (ref) 19607 2575 (13.1) 1.01 (0.96-1.07)
Patients with known dementia 109 27 (24.8) 1.22 (0.71-2.09) 178 41 (23.0) 1.00 (ref) 87 24 (27.6) 1.05 (0.61-1.80)
Patients with known 540 118 (21.9) 1.14 (0.93-1.41) 1378 240 (17.4)  1.00 (ref) 1075 172 (16.0) 0.93 (0.77-1.12)
cardiovascular disease
Patients with known 393 80 (20.4) 0.99 (0.78-1.27) 947 184 (19.4)  1.00 (ref) 590 95 (16.1) 0.76 (0.59-0.97)
cerebrovascular disease
1-y mortality
All transfused patients 5334 1458 (27.3) 1.01 (0.96-1.07) 20273 5500 (27.1)  1.00 (ref) 19607 5370 (27.4) 1.05 (1.01-1.09)
Patients with known dementia 109 52 (47.7) 0.97 (0.67-1.40) 178 88 (49.4) 1.00 (ref) 87 48 (55.2)  0.95 (0.65-1.38)
Patients with known 540 199 (36.9) 1.02 (0.94-1.29) 1378 426 (30.9) 1.00 (ref) 1075 324 (30.1) 0.92 (0.79-1.06)
cardiovascular disease
Patients with known 393 149 (37.9) 1.05 (0.87-1.26) 947 344 (36.3) 1.00 (ref) 590 209 (35.4) 0.90 (0.76-1.07)
cerebrovascular disease
Red cell recipients
30-d mortality
All transfused patients 19828 1927 (9.7) 1.02 (0.97-1.08) 58978 5471 (9.3) 1.00 (ref) 59336 4994 (8.4) 1.00 (0.97-1.04)
Patients with known dementia 858 150 (17.5) 0.95 (0.79-1.13) 2229 397 (17.8)  1.00 (ref) 2482 404 (16.3) 1.06 (0.83-1.34)
Patients with known 1793 297 (16.6) 1.02 (0.90-1.15) 6748 1085 (16.1)  1.00 (ref) 7078 1011 (14.3) 1.03 (0.88-1.21)
cardiovascular disease
Patients with known 1296 211 (16.3) 1.05 (0.90-1.21) 4673 711 (15.2)  1.00 (ref) 3473 537 (15.5) 1.01 (0.91-1.13)
cerebrovascular disease
1-y mortality
All transfused patients 19828 4885 (24.6) 1.00 (0.97-1.03) 58978 14283 (24.2) 1.00 (ref) 57830 13709 (23.7) 1.00 (0.97-1.02)
Patients with known dementia 858 385 (44.9) 0.90 (0.81-1.01) 2229 1043 (46.8)  1.00 (ref) 1622 732 (45.1) 0.93 (0.85-1.03)
Patients with known 1793 602 (33.6) 1.01 (0.98-1.10) 6748 2176 (32.2) 1.00 (ref) 5630 1758 (31.1) 0.99 (0.94-1.06)
cardiovascular disease
Patients with known 1296 480 (37.0) 0.99 (0.90-1.09) 4673 1713 (36.7)  1.00 (ref) 3473 1297 (37.3) 1.00 (0.93-1.07)

cerebrovascular disease

Estimates adjusted for age, sex, calendar period, number of transfusions, country, and hospital.

ref, reference.

However, the therapeutic implications of transfusions from young
donors for the reversal of age-related effects remain scientifically
intriguing, and results from the first trials in humans are eagerly awaited.
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