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Abstract

Background—Recent publications have reported conflicting findings regarding associations of 

blood donor demographics and mortality of transfused patients. We hypothesized that the analysis 

of additional donor characteristics and consideration of alternative outcomes might provide insight 

into these disparate results.

Study Design and Methods—We analyzed data from a retrospective cohort of transfused 

patients from the Recipient Epidemiology and Donor Evaluation Study (REDS-III). We used 

stratified Cox regression models to estimate associations between blood donor characteristics and 

hospital mortality and post-transfusion length of stay among patients transfused red blood cell 
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(RBC) units. Donor characteristics evaluated included age, body mass index, hemoglobin levels, 

and smoking status. The statistical analyses were adjusted for recipient factors, including total 

number of transfusions.

Results—We studied 93,726 patients in 130,381 hospitalizations during which 428,461 RBC 

units were transfused. There were no associations between blood donor characteristics and 

hospital mortality. Receipt of RBC units from donors less than 20 years of age was associated with 

a shorter hospital length of stay (hazard ratio for discharge per transfused unit 1.03; 95% 

confidence interval, 1.02 to 1.04; p<0.001) but not for other donor characteristics.

Conclusion—We found no evidence of associations between blood donor factors and in-hospital 

mortality. Our finding of shorter hospital length of stay in patients transfused red cells from 

younger donors is intriguing but requires confirmation. Future collaborations are needed to 

develop a framework of appropriate methodologic approaches to be used in linked analyses across 

large cohorts.

Introduction

Blood donors are a demographically and genetically diverse group of individuals, and 

differences in donor characteristics may play a role in recipient outcomes related to 

transfused blood components. However, results of recent observational studies have been 

disparate, with some analyses finding that patients transfused with RBC units from female 

donors or specific donor age groups have increased mortality, while other studies finding no 

such associations.1–6 Differences in the studied sample size, proportions of missing data, and 

statistical methods may explain these variable results.7 However, there may be other blood 

donor characteristics, not previously accounted for, that have relevance to mortality of 

transfusion recipients.

In addition, patient outcomes other than mortality may be more sensitive to a deleterious 

transfusion effect or may be driven by other pathogenic mechanisms8; i.e., an adverse 

biologic effect related to a donor characteristic might not result in recipient mortality but 

could be associated with a morbid outcome (such as infection) that would extend the 

duration of hospitalization. Thus, as a potential measure of overall morbidity, we evaluated 

whether red cell exposures from donors with different characteristics were associated with 

changes in post transfusion hospital length of stay.

Sex-specific associations of anti-leukocyte antibodies are well-described in regard to the risk 

of transfusion-related acute lung injury.9,10 Donor sex and age have also been shown to 

modulate red blood cell susceptibility to in vitro hemolysis, which may have clinical 

relevance in vivo through inhibition of nitric oxide signaling and oxidative and inflammatory 

stress.11–14 In parallel, hemoglobin levels and body mass index (BMI) vary with donor sex 

and age, and differences in these characteristics have been associated with inflammatory 

markers in donors.15–17 Lastly, tobacco use in blood donors is similar or lower than in the 

general population where it is known to vary by age and sex.18–21 Tobacco use has been 

shown to cause elevated levels of hemoglobin and carboxyhemoglobin in blood donors 

which may adversely affect transfusion recipients.22–25 We hypothesized that one or more of 
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these donor characteristics might be associated with transfusion recipient outcomes and 

could explain the disparate results of prior studies.26–29

In this study, we used data from a large research database linking blood donor, donation, and 

recipient characteristics in 12 hospitals to examine dose-related associations between donor 

age, BMI, hemoglobin level, and smoking status with hospital mortality and length of stay in 

transfused adults.

Methods

Data Sources

Analyses were based on a cohort of transfused patients from the Recipient Epidemiology 

Donor Evaluation Study-III (REDS-III) database, which includes data on patients who were 

transfused in 12 academic hospitals located in different geographic regions of the United 

States between 2013 and 2016.30,31 Data were structured to link information between donors 

and transfused hospitalized patients as previously described, allowing the analysis of 

association of donor characteristics such as donor age and BMI on the outcomes of patients 

transfused RBC units.6 Outcome data included in-hospital mortality and hospital length of 

stay.

Study design and participants

This retrospective cohort study was modelled after previous publications2,4,6 with adult and 

pediatric patients being followed from the time of first RBC transfusion during 

hospitalization until the occurrence of death or hospital discharge. We excluded recipients of 

autologous RBC transfusions. There were no other exclusions, and the patient cohort 

reflected differences in case mix between the 12 participating hospitals.

Outcomes and exposures

The primary outcome was in-hospital mortality, and the secondary outcome was post-

transfusion hospital length of stay among patients who survived to discharge (time to 

hospital discharge). Patients were allowed to contribute multiple hospital episodes if they 

were transfused RBC units in more than one hospitalization. Transfusion of other blood 

components was not analyzed or included in the models.

The main exposures of interest were the number of RBC transfusions from strata of donor 

age, BMI, hemoglobin level, and by smoking status. These exposures were calculated time-

dependently on a day-to-day basis, allowing patients to change exposure with additional 

transfusions. The reference group for each donor exposure category was an equal number of 

red blood cell units from all other donor exposure groups. Some donor characteristics (i.e. 

BMI, tobacco use and hemoglobin) were missing for RBC units imported from multiple 

geographic regions in the United States. Given likely differences in demographic 

characteristics, including the prevalence of tobacco use, for donors of imported units, we did 

not utilize multiple imputation for missing data.
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Statistical analyses

We conducted separate analyses for the four donor exposures and two outcomes using 

stratified Cox proportional hazards regression models with time-dependent exposures, where 

we used time from first transfusion as the time-scale and stratified on calendar year, hospital 

and time-varying total number of red-cell units transfused. We conducted secondary 

analyses of donor age and hemoglobin levels, stratifying by donor sex, given known 

differences in hemoglobin levels by sex and the results of previous publications.2,3 Because 

the number of transfusions was one of the stratifying variables, comparisons were only done 

between patients who received the same number of transfusions. The data were set up for 

analysis using the Andersen-Gill counting process format using the publicly available 

Stratify macro.32,33 Analyses were adjusted for month of blood donation, recipient age (as a 

restricted cubic spline with 3 evenly placed knots), recipient sex (as a categorical term), 

ABO blood type (as a categorical term), and Charlson comorbidity index (categorized as 0, 

1–2, 3–4, 5–6, 7–8, or ≥9).34 We calculated the association between receiving a RBC unit 

with a feature of interest, compared with receiving a RBC unit from all other reference 

groups, and the risk (hazard) of hospital death or prolonged length of stay, adjusting for all 

other covariates including the cumulative number of RBC units received. Because patients 

could contribute multiple transfusion episodes, confidence limits for the hazard ratios (HRs) 

were constructed using robust standard errors.

The hospital length of stay (time to hospital discharge) within 90 days of transfusion was 

modeled for patients discharged alive using cause-specific proportional hazards regression 

with death as a competing risk. Hazard ratio estimates for length of stay denote likelihood of 

hospital discharge with increasing hazard ratio associated with shorter duration of 

hospitalization in patients who survived to discharge. In addition, we examined absolute 

lengths of stay in patients who survived to hospital discharge, stratifying by total number of 

transfusions and count of red cell exposures from donors aged less than 20, 20 to 39, or 40 

years and older.

All statistical tests were two-sided and p-values < 0.05 were considered statistically 

significant. All data processing and statistical analyses were conducted using SAS statistical 

analysis software, version 9.4. The conduct of these analyses was approved by IRBs at all 

participating REDS-III hubs and by the REDS-III data coordinating center (RTI, Inc.).

Role of the funding source—The study sponsor had no role in study design, data 

collection, data analysis, data interpretation; preparation, review, or approval of the 

manuscript; and decision to submit the manuscript for publication. The corresponding author 

had full access to all the data in the study and had final responsibility for the decision to 

submit for publication.

Results

Recipient and donor characteristics are summarized in Table 1 and Table 2, respectively. 

Over the study period, 93,726 patients received at least 1 RBC transfusion during 130,381 

hospitalizations. 276,496 unique blood donors donated 428,461 RBC units transfused to 

recipients in our cohort. There were minimal missing values for age and sex for either 
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donors or recipients (<0.1%). However, for donor BMI, hemoglobin level, and self-reported 

smoking status, there was missing data for 26.1%, 8.8%, and 30.4% of units, respectively.

Baseline recipient characteristics are presented in Table 1. The median recipient age was 64 

years [interquartile range (IQR), 51–75 years], and 51.6% of recipients (n=48,352) were 

female. The median Charlson comorbidity index was 1 [IQR 1–1]. Common principal 

diagnoses were injury/poisoning, circulatory system, neoplasms, and digestive system 

disorders representing 59.2% of patients in the cohort. The median number of RBC 

transfusions was 2 [IQR 1–5]. The median length of stay was 6 [IQR 4–12] days from the 

time of first transfusion. Death occurred in 9,314 (7.1%) of transfused recipients’ 

hospitalizations. The total number of transfused units decreased annually over the study 

period, and there was minor seasonal variation in the number of transfused units by month of 

donation (Appendix Table 1). In addition, there was only minor variation in overall hospital 

lengths of stay following transfusion when examined by month of blood donation (Appendix 

Table 2).

The median donor age was 49 years [IQR 30–59], and 46.9% (n = 129,683) of donors were 

female. At the time of donation, 20.2% (n=56,082) of donors were obese (BMI ≥ 30). Donor 

hemoglobin levels were greater than or equal to 17 g/dL in 3.9% of blood donors (n=10,783) 

and 3.7% (n=15,882) donations. A total of 6.4% (n=17,681) of blood donors reported 

tobacco use within 30 days prior to donation representing 6.2% (n=26,358) of transfused 

units.

Increasing Charlson comorbidity index was associated with increased hospital mortality in 

regression analyses (Appendix Table 3). Donor age, BMI, hemoglobin levels (overall and 

stratified by donor sex), and smoking status were not associated with in-hospital mortality, 

p>0.05 for all associations (Figures 1–4; Appendix Figure 1).

We did, however, observe an association of donor age with prolonged hospital length of stay 

(Figure 1). The transfusion of each RBC unit from donors aged less than 20 years, was 

associated with a 3% shorter length of stay compared with a recipient receiving a RBC unit 

from all other donor ages (HR, 1.03; 95% CI 1.02 to 1.04; P<0.001). In contrast, transfusion 

of each RBC unit from donors aged 50–60 and 60–70 years was associated with prolonged 

lengths of stay (HR 0.99; 95% CI 0.98 to 1.00 for both age groups, with p=0.004 and 0.04, 

respectively). These findings persisted when stratifying by donor sex (Appendix Figure 2), 

with decreased hospital length of stay associated with RBC units from both male and female 

donors aged less than 20 and with prolonged length of stay associated with transfusion from 

female donors greater than 70 and from male donors 50–70 years old.

Figure 5 and Appendix Table 4 show median lengths of stay in days in relation to the 

number of RBC transfusions per hospitalization and exposures to groupings of donor age (< 

20, 20–39, or >40 years). Overall, there was a dose-related increase in length of stay for each 

incremental red cell unit transfused, but this increase was attenuated in patients receiving 

more units from donors aged under 20. For example, recipients of 4 red cell units only from 

donors under age 20 had a 2-day shorter length of stay after transfusion (7 days [IQR 5–11]) 

compared to recipients who received their 4 units only from donors greater than the 40 years 
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of age (9 days [IQR 6–15]). While the total number of units transfused from the three donor 

age groups was evenly distributed across the recipient cohort, the proportion of recipients 

who received blood only from young donors decreased with increased transfusion intensity. 

For example, in recipients of 4 red cell units during a hospitalization, transfusion events 

where all 4 units were derived from donors less than 20 years represented only 0.4% of units 

transfused.

Overweight donor status (BMI 25.0–29.9) was also associated with prolonged length of stay 

(HR, 0.99; 95% CI 0.98 to 1.00; P=0.002; Figure 2); however, a graded response was not 

apparent, as there was no effect for RBCs transfused from obese (BMI > 30) blood donors 

(HR, 1.00; 95% CI 0.99 to 1.01; P=0.92). Lastly, hazard ratios for length of stay were not 

statistically significant for groupings of donor hemoglobin levels or for positive smoking 

status (HR, 1.00; 95% CI 0.99 to 1.02; P=0.42; Figures 3 and 4).

Discussion

In contrast to two prior studies but consistent with a larger study, we found no association 

between blood donor age and mortality in patients transfused red cells.2–4 Nor did we 

identify an association between transfused patient mortality and other blood donor 

characteristics – BMI, hemoglobin level, or smoking status – hypothesized to impact 

transfusion recipient outcomes. We did however find that red cell transfusions from younger 

blood donors were associated with decreased post transfusion length of stay in patients who 

survived to hospital discharge. There were no other consistent associations between other 

donor characteristics and hospital length of stay.

Animal investigations suggesting improved cognitive function and synaptic plasticity in 

mice exposed to young blood served as the impetus for the conduct of observational studies 

of donor-recipient outcomes35. However, recent epidemiologic studies have found that red 

cell transfusions from younger donors are associated with increased mortality.2,3 While there 

are known to be in vitro differences in red blood cells based upon storage duration, methods 

of blood collection or processing and donor gender, it remains unclear why one might expect 

harmful biologic effects related to donor age.14,36,37 One potential factor is that 

inflammatory markers are known to vary with age.38

In this study, we hypothesized that patient outcomes other than mortality might be more 

sensitive to a potential donor effect and could explain discrepant findings of prior studies. 

Such morbidity outcomes might also provide insight into the pathogenesis of such a donor 

effect. We postulated that red cell exposures from donors with different characteristics would 

be associated with changes in hospital length of stay.

We found that RBC transfusions from donors under 20 years of age were associated with 

shorter time to hospital discharge, a beneficial effect which conflicts with results from prior 

mortality studies, but which could be consistent with results of animal studies. However, this 

result clearly needs corroboration in other cohorts and further evidence to support a potential 

biological basis. The effect we observed was small and only became clinically apparent with 

transfusion of four or more units from young donors. We are confident in the statistical 
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approach utilized which controlled for indication bias by total number of transfusions 

received, severity of illness and the competing risk of death. Nevertheless, there are 

limitations to hospital length of stay outcome and potential confounding may remain.

In parallel with donor age, we assessed other donor characteristics that might impact 

transfusion recipient outcomes but found no association with either mortality or length of 

hospital stay. We hypothesized that extremes in donor hemoglobin levels could reflect an 

uncharacterized donor condition and impact transfusion recipient outcomes. For example, 

tobacco use has been associated with polycythemia and increased hemolysis of red blood 

cells, and a pilot study found smaller hemoglobin increments in recipients transfused 

cotinine-positive red cells donated from smokers. 25,39 On the other hand, repeated blood 

donation has been associated with lower hemoglobin levels and in cases of donor iron-

deficiency, reduced post-transfusion RBC recovery in mouse studies, suggesting in-vivo 

hemolysis.40 Lastly, obesity-associated inflammation has been linked to iron deficiency and 

elevated hepcidin concentrations15,41,42. However, we saw no association between donor 

hemoglobin levels, obesity, or self-reported smoking status and hospital mortality or length 

of stay. Additional studies may be needed to directly assess smoking exposure through the 

measurement of cotinine levels in donated red cell units as well as the impact of smoking 

and other donor factors on red cell recovery and survival studies.43,44 However, our findings 

are reassuring that donor tobacco use does not appear to have an effect on recipient 

outcomes.

Given the complexity of large-scale linked donor-recipient analyses and inconsistent 

findings from other studies exploring these same issues, a discussion regarding 

methodologic approach is necessary. We assumed random allocation of red cell units with 

regard to donor characteristics (e.g. age, BMI, hemoglobin level, smoking) to transfused 

patients beyond ABO/Rh compatibility. In parallel with prior studies, we treated recipient’s 

blood product exposure as time-dependent throughout hospitalization, allowing patient’s 

exposure status to change as they received additional transfusions.2–4 Thus, patients 

receiving red-cells representative of more than one type of donor characteristic did not 

require their exclusion or separate categorization. Censoring of recipients who receive blood 

from more than one donor category results in analysis of a cohort who received fewer red 

cell units and thus may be influenced by differences in severity of illness and mortality risk.7

While our approach may result in a mixture of donor effects, analysis of time-dependent 

exposures without exclusions limits bias from informative censoring. However, subgroup 

analyses of infrequent transfusion events such as receipt of multiple units from a less 

common donor characteristic may result in false-positive findings (Type I error) due to small 

sample size. Differences in blood collection and processing may also be relevant to patient 

outcomes and be confounding factors in the evaluation of donor characteristics, and these 

analyses are similarly prone to the same methodologic challenges.37

As we recognize challenges of linked donor-recipient analyses, randomized clinical trials 

have been considered or are currently underway to overcome these limitations.45 In parallel, 

incorporation of more granular data and replication across observational cohorts may be 

beneficial to account for indication bias, confounding and recipient severity of illness.3 
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Recent studies have utilized daily hemoglobin and creatinine levels as time-varying 

covariates to account for patient disease severity, and these measures could also be 

considered as morbidity outcomes for donor effects.3 Collaboration by investigators to 

develop common analytic approaches and even re-analyze data using multiple statistical 

models may resolve some of the differences of prior studies. For example, the NHLBI 

REDS-III dataset that serves as the basis for this study is anticipated to become publicly 

available for analysis via the NHLBI Biologic Specimen and Data Repository Information 

Coordinator Center (BioLINCC), and the establishment of an international collaboration of 

experts to address methodologic issues is being planned under the auspices of the REDS 

programs.

Some limitations need to be emphasized. We examined ranges of donor hemoglobin levels; 

however, assessment of prior donation frequency or ferritin status may be beneficial in 

regard to evaluating whether red cell fragility or propensity for hemolysis could influence 

recipient outcomes.40,48 In addition, a significant proportion of donor BMI and smoking 

status data was missing for imported RBC units, and these units were excluded from those 

analyses. Given possible differences in these parameters related to geographic region, 

multiple imputation was not utilized. However, since import status is not taken into 

consideration in blood allocation, imported units are likely randomly distributed to 

recipients. Hence, we believe that exclusion of these data is unlikely to have influenced our 

results. For the BMI and smoking status data that were available for analysis, we found no 

difference in outcomes.

We chose hospital length of stay as an outcome that might encompass morbidity effects 

related to a donor characteristic; however non-clinical factors are also known to influence 

length of stay.46 In addition, length of stay provides little insight into a biologic mechanism 

of donor factors on adverse patient outcomes. We attempted to control for other factors that 

might be related to both donor factor distribution and patient survival (e.g., hospital, 

comorbidity index and number of transfusions) to ensure that recipient confounders would 

be accounted for.4,7 However, incorporation of additional clinical details including diagnosis 

and procedure codes and laboratory results may better account for recipient confounding and 

provide more evidence of any biologic effect related to donor characteristics. We also 

accounted for conceivable associations between seasonality of blood donor age and recipient 

outcomes. There is known to be seasonal variation of patient mortality, and donor age may 

vary by month due to timing of school blood drives.47 However, accounting for calendar 

month did not impact our findings. Our study only examined short-term outcomes during 

hospitalization; however, a recent study using the same analytic approach found no 

differences when examining associations between donor exposures and short-term and long-

term outcomes.6

In conclusion, our findings are reassuring as we did not find an association between blood 

donor characteristics including age (overall and independently by gender), hemoglobin level, 

obesity and self-reported smoking status and transfusion recipient mortality. The association 

between shorter hospital length of stay and younger donor age is intriguing but needs to be 

interpreted cautiously at this time given the non-specificity of this outcome, the small effect 

size, and the lack of consistency between results obtained from different studies. 
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Discrepancies in findings may also be the result of the disparate statistical methods that have 

been used to analyze large linked donor-component-recipient databases, as well as the nature 

and quality of the data being analyzed. Future research should occur across cohorts with 

collaborative refinement of statistical approaches.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Forest plots of hazard ratios of hospital mortality and length of stay per red cell unit 

transfused for groups of donor age (relative to the reference group of all other ages)

Hazard ratio estimates for length of stay denote likelihood of hospital discharge with 

increasing hazard ratio associated with shorter duration of hospitalization in patients who 

survived to discharge.
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Figure 2: 
Forest plots of hazard ratios of hospital mortality and length of stay per red cell unit 

transfused for donor body mass index (relative to the reference group of all other BMI)
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Figure 3: 
Hazard ratios per red cell unit transfused for hospital mortality and length of stay for 

hemoglobin levels (relative to the reference group of all other hemoglobin levels)
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Figure 4: 
Forest plots of hazard ratios of hospital mortality and length of stay per red cell unit 

transfused for donor smoking status (Yes, No, and unknown smoking status in 30 days prior 

to blood donation)
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Figure 5: 
Median length of hospital stay after transfusion relative to number of donor age exposures 

by strata of RBC transfusion
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Table 1.

Characteristics of the Donor Matched Inpatient RBC transfusion recipients

Subjects, No (%) Encounters, No (%)

All 93,726 130,381

Patient characteristics

Sex

 Male 45,360 (48.4) 63,515 (48.7)

 Female 48,352 (51.6) 66,866 (51.3)

 Other 14 (0.0) 14 (0.0)

Median Age at study enrollment (IQR) 64 (51,75) 63 (50,74)

Race

 White 65,180 (69.5) 89,585 (68.7)

 Black 13,763 (14.7) 21,530 (16.5)

 Asian 2,481 (2.7) 3,327 (2.6)

 Missing/Other 12,302 (13.1) 15,946 (12.2)

Ethnicity

 Hispanic 6,368 (6.8) 9,354 (7.2)

 Non-Hispanic 83,295 (88.9) 115,770 (88.8)

 Missing/Other 4,063 (4.3) 5,271 (4.0)

Body mass index at study entry (IQR) 27.1 (23.2, 32.1) 26.7 (22.9, 31.6)

Blood group

 A 33,884 (36.2) 46,792 (35.9)

 B 12,502 (13.3) 17,664 (13.6)

 O 40,596 (43.3) 57,330 (44.0)

 AB 4,594 (4.9) 6,361 (4.9)

 Unknown/Untested 2,150 (2.3) 2,063 (1.6)

Rh(D) status

 Rh(D) positive 9,591 (84.9) 111,478 (85.5)

 Rh(D) negative 12,099 (12.9) 16,833 (12.9)

 Unknown/Untested 2,036 (2.2) 2,084 (1.6)

Charlson Comorbidity Index (IQR) 1 (1,1) 1 (2,3)

Principal Diagnosis Category

 Circulatory 15,307 (16.6) 18,513 (14.4)

 Gastrointestinal 10,812 (11.7) 15,957 (12.4)

 Blood Diseases 4,289 (4.6) 8,883 (6.9)

 Neoplasms 13,253 (14.3) 17,373 (13.5)

 Infectious 6,615 (7.2) 11,175 (8.7)

 Musculoskeletal 6,589 (7.1) 7,468 (5.8)

 Pulmonary 3,016 (3.3) 4,664 (3.6)

 Injury/Poisoning 15,717 (17.0) 22,127 (17.2)

 Obstetric 2,522 (2.7) 2,567 (2.0)

 Congenital 1,047 (1.1) 1,301 (1.0)
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Subjects, No (%) Encounters, No (%)

 Other 12,436 (13.5) 15,457 (12.1)

 No primary DX Code 788 (0.9) 3,171 (2.5)
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Table 2.

Blood donor characteristics

Units, No (%) Donors, No (%)

All 428,461 276,496

Sex

 Male 243,083 (56.7) 146,695 (53.1)

 Female 185,273 (43.2) 129,683 (46.9)

 Other 105 (0.0) 91 (0.0)

Donor age, years

 <20 53,235 (12.4) 44,989 (16.3)

 20 – 29 52,991 (12.4) 39,842 (14.4)

 30 – 39 48,492 (11.3) 33,349 (12.1)

 40 – 49 65,619 (15.3) 41,645 (15.1)

 50 – 59 104,188 (24.3) 60,212 (21.8)

 60 – 69 76,591 (17.9) 41,648 (15.1)

 70+ 27,154 (6.3) 14,607 (5.3)

Body mass index at study entry

 Underweight/normal (<18.5–24.9) 96,264 (22.5) 64,170 (23.2)

 Overweight (25.0–29.9) 122,855 (28.7) 71,800 (26.0)

 Obesity Moderate (30.0–34.9) 63,488 (14.8) 36,079 (13.1)

 Obesity Severe/Morbid (≥35.0) 34,099 (8.0) 20,003 (7.2)

 Missing 111,755 (26.1) 84,417 (30.5)

Blood group

 A 144,757 (33.8) 97,819 (35.4)

 B 49,061 (11.5) 32,594 (11.8)

 AB 13,076 (3.1) 8,943 (3.2)

 O 221,562 (51.7) 137,108 (49.6)

Rh(D) status

 Rh(D) positive 338,528 (79.0) 224,477 (81.2)

 Rh(D) negative 89,928 (21.0) 51,987 (18.8)

Donor hemoglobin level (g/dL)

 12.5–14 140,355 (32.8) 93,818 (33.9)

 14–15 107,926 (25.2) 69,251 (25.1)

 15–16 84,057 (19.6) 53,798 (19.5)

 16–17 42,392 (9.9) 27,627 (10.0)

 17+ 15,882 (3.7) 10,783 (3.9)

 Missing 37,849 (8.8) 21,192 (7.7)

Tobacco use in the 30 days prior to donation

 Yes 26,358 (6.2) 17,681 (6.4)

 No 271,673 (63.4) 164,013 (59.3)

 Unknown 130,430 (30.4) 94,775 (34.3)
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