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H I G H L I G H T S

� Blood transfusion significantly impacts long-term all-cause and cardiovascular mortality in the US population.

� After propensity score-matching, the risk of all-cause mortality increased by 78%with blood transfusion, and the risk of cardiovascular mortality increased by 102%.

� The effective management of blood transfusion in the general population may be beneficial.

A R T I C L E I N F O A B S T R A C T

Background and aims: The association of blood transfusion with an increase in medium- and short-term mortality

in specific populations has been confirmed. However, the correlation between blood transfusion and long-term

mortality in the general population remains unclear. This cohort study evaluated the correlation between blood

transfusion and overall and cause-specific mortality in the general American adult population.

Methods: The authors utilized 10 sets of 2-year cycle data (1999−2018) from the National Health and Nutrition

Examination Survey on the outcomes of adults who did and did not receive blood transfusions. Propensity score-

matching (1:1) was performed based on age, sex, race, education level, marital status, poverty-income ratio, arte-

riosclerotic cardiovascular disease, cancer, anemia, hypertension, and diabetes status. After controlling for demo-

graphic characteristics and clinical risk factors, Cox regression analysis was performed to evaluate the correlation

between blood transfusion and all-cause and cause-specific mortality.

Results: The study included 48,004 adult participants. The risk of all-cause mortality increased by 101 % with

blood transfusion, and the risk of cardiovascular mortality increased by 165 %. After propensity score-matching,

6,116 pairs of cases were retained, and the risk of all-cause mortality increased by 84 % with blood transfusion,

and the risk of cardiovascular mortality increased by 137 %. The sensitivity analysis results were robust.

Conclusions: In the general American population, blood transfusion significantly impacts long-term all-cause and

cardiovascular mortality and may be an unacknowledged risk factor for death. Thus, the effective management of

blood transfusion in the general population may be beneficial.
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Introduction

Blood transfusion is mainly used to support patients undergoing sur-

gery, those diagnosed with a critical illness, or those undergoing cancer

treatment in high-income countries.1

Accumulating evidence indicates that blood transfusion is correlated

with adverse outcomes such as increased morbidity and mortality.2 A

study conducted in 2021 reported a correlation between a 3-fold

increase in mortality rates within 60 days after surgery and intraopera-

tive blood transfusion.3 Furthermore, blood transfusion has been linked

to higher all-cause mortality in colorectal cancer,4 head and neck can-

cer,5 and COVID-19 patients.6

However, the relationship between blood transfusion and mortality

remains unclear. Transfusion Requirements in Critical Care (TRICC)
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reported that, compared to a restrictive strategy of red-cell transfusion,

patients with acute myocardial infarction and unstable angina who used

a liberal strategy during hospitalization had a higher mortality rate; but

for all critically ill patients, there no significant difference in the 30-day

mortality rate between the two strategies.7 The Transfusion Require-

ments in Cardiac Surgery (TRICS) III trial also revealed that there was

no evidence of a difference in the primary composite outcomes (all-

cause death, myocardial infarction, stroke, etc.) between the restrictive

or liberal strategy of red-cell transfusion for patients at moderate to high

risk of death after cardiac surgery, either at discharge or at day 28 or 6

months follow-up.8,9 A retrospective cohort study performed in 1998

showed that perioperative blood transfusion did not affect 30-day and

90-day mortality rates after adjusting for multiple risk factors in conse-

cutive hip fracture patients.10 A 2018 meta-analysis of patients undergo-

ing major orthopedic surgery after perioperative blood transfusion

administration reported no increase in 30-day post-surgery mortality

rates in either the randomized controlled trials or observational stud-

ies.11 In these previous studies, the effect of blood transfusion on mortal-

ity usually focused on perioperative transfusion in certain types of

surgery (cardiac or orthopedic surgeries, for instance) or in patients

with malignant tumors. However, limited information is available on

the all-cause mortality of blood transfusion in the general population.

Additionally, since studies concentrated mainly on short-term (30−90

days) mortality,3,10,11 the long-term impact of blood transfusion remains

unknown.

The authors therefore conducted a large cohort study based on the

most recent data available from the National Health and Nutrition Exam-

ination Survey (NHANES). This study aimed to determine the associa-

tion between blood transfusion and long-term mortality rates in the

general US adult population.

Methods

Study population

The study was implemented across 10 sets of 2-year cycle datasets

(beginning in 1999−2000 and ending in 2017−2018) of the NHANES.

The NHANES is a widely used nationally representative dataset that links

patient characteristics with mortality data. The methodological details of

NHANES are available online (http://www.cdc.gov/nchs/nhanes.htm).

Of the 54,339 adults (aged ≥ 20 years) who underwent in-home

interviews and had available data on blood transfusion, the authors

excluded 133 individuals with missing follow-up data and 6202 individ-

uals with unavailable data on dietary day one sample weight. The

remaining 48,004 individuals were included in this study (Fig. 1). All

participants provided informed consent. The National Centre for Health

Statistics Research’s Ethics Review Board approved the protocol for this

study (protocol number: #98−12, #2005−06, #2011−17, and #2018

−01). An observational study following STROBE guidelines was con-

ducted in this study.

Primary exposure: blood transfusion

Treatment with blood transfusion was determined based on self-

reported data, in response to the question “Have you ever received a

blood transfusion?”.

Outcomes: All-Cause mortality and cause-specific mortality

Participants were matched with National Death Index records. Mor-

tality data was obtained by tracking participants until December 31,

Fig. 1. Flow diagram showing the selection of study participants. NHANES, National Health and Nutrition Examination Survey.
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2019, which is the most recent available data. After examination, a fol-

low-up period began until death or the conclusion of the follow-up. The

113 Underlying Cause of Death codes were used to recode all deaths

into comparable ICD-10 classifications of deaths (see https://www.cdc.

gov/nchs/data/datalinkage/public-use-linked-mortality-file-descrip

tion.pdf). The main outcomes were overall and cause-specific mortality

rates, including deaths from cardiovascular diseases and cancer. Cardio-

vascular mortality included death caused by heart disease or cerebrovas-

cular diseases.

Covariates

The study included covariates considered confounders according to

existing literature and clinical judgment. Demographic information,

including age, sex, race, education levels, marital status, and poverty-

income ratio, was collected using questionnaires during home inter-

views. Age was dichotomized into ≥ 65 years and < 65 years. Race was

classified into Mexican American, other Hispanic, non-Hispanic white,

non-Hispanic black, and other races based on the NHANES classification

method. Three levels of education were identified: high school or less,

some college, and college graduates. Marital status included married,

widowed/divorced/separated, and never married. The poverty-income

ratio was used to measure income level and the values were categorized

as ≤130 %, 131 % to < 185 %, and ≥ 185 %.12 Respondents were classi-

fied using their Body Mass Index (BMI) as either normal (BMI < 25 kg/

m2), overweight (25 kg/m2
≤ BMI < 30 kg/m2), and obese (BMI ≥

30 kg/m2). A sedentary lifestyle was defined as a lack of activity, includ-

ing walking, bicycling, household or yard tasks, muscle strengthening,

work, or recreational activities, among others.13 Smoking status was

classified as either never smoked, ex-smoker, or currently smoking. Par-

ticipants were classified based on daily alcohol intake as non-drinkers,

moderate drinkers (1−2 drinks for men and 1 drink for women), and

heavy drinkers (> 2 drinks for men and > 1 drink for women).14 The

transfusion year was divided into "before 1972″, "1972−1991″, and

"1992 to present", because since 1971 and 1991, respectively, tests for

hepatitis B surface antigen and hepatitis C viral antibodies were required

to be included in donors blood screening as infection risk factors by the

Food and Drug Administration to prevent the transmission of infectious

pathogens through blood transfusion and ensure blood safety.15,16

Arteriosclerotic Cardiovascular Disease (ASCVD) includes coronary

heart disease, angina, heart attack, or stroke.17 Cancer diagnoses were

self-reported. Hypertension was defined as systolic blood pressure of

≥140 mmHg or diastolic blood pressure of ≥ 90 mmHg and based on

self-reported diagnoses and treatments. Diabetes was diagnosed with

fasting blood sugar level > 7.0 mmoL/L or glycated haemoglobin A1c

values > 6.5 %, or through self-reported medical history and use of dia-

betes medications.18 Hyperlipidaemia was defined as total cholesterol ≥

200 mg/dL, triglyceride ≥ 150 mg/dL, low-density lipoprotein choles-

terol ≥ 130 mg/dL, or high-density lipoprotein cholesterol < 50 mg/dL

(females) or < 4 mg/dL (males); or taking lipid-lowering medications.19

According to the WHO standards, anemia is divided into mild, moderate,

and severe.20 The use of coagulation modifiers was assessed via the stan-

dardized questionnaire. Furthermore, the quartiles of Red blood cell Dis-

tribution Width (RDW) and Healthy Eating Index (HEI) 2010 were

included as covariables. The HEI 2010 was derived from 24-hour recall-

based measures of dietary components (range, 0−100; higher scores

indicated healthier diets).

Statistical analysis

Continuous variables were represented as the weighted mean ± stan-

dard error, while categorical variables were reported as percentages

with 95 % Confidence Intervals (95 % CI). Baseline characteristics were

compared using linear regression for continuous variables and the Chi-

Square test for categorical variables. To balance confounders between

the two groups, 1:1 potential Propensity Score-Matching (PSM) was

performed with a caliper width of 0.02 and was matched using covari-

ates including demographic (age, sex, race, education level, marital sta-

tus, and poverty-income ratio) and comorbidity (ASCVD, cancer,

anemia, hypertension, and diabetes). A Multivariate Cox proportional

regression model was utilized to evaluate the relationship between

blood transfusion and all-cause and cause-specific mortality rates. The

confounding factors included in the adjusted model were age, sex, race,

smoking status, alcohol intake, transfusion year, ASCVD, cancer, ane-

mia, coagulation modifiers, and RDW quartile. In addition, given that

some of the participants especially those who were also accompanied by

some diseases, which themselves lead to increased mortality, the authors

performed a sensitivity analysis using a multivariate Cox proportional

regression model after eliminating individuals with severe diseases,

such as ASCVD, cancer and anemia. Kaplan-Meier survival curves were

conducted for all-cause and cardiovascular mortality rates based on

blood transfusion status. A full set of data and graphs were used for sta-

tistical analysis using R Software 4.2.2 from www.r-project.org. Appro-

priate sampling weights were used to obtain valid estimates,

considering a multistage probability sampling design for the NHANES.

Statistical significance was set at 0.05.

Results

Characteristics of participants

The study cohort included 48,004 adult participants from 10

NHANES cycles. Among them, 6192 individuals received blood transfu-

sion, while 41,812 did not (Fig. 1). The overall blood transfusion ratio

was 11.3 (95 % CI 10.8−11.9) and the proportion of blood transfusion

in those who died was more than three times higher than in those who

survived (Supplemental Table 1). The average age of the study individu-

als was 47.0 years, 52 % were female, and 68.3 % were non-Hispanic

white. The participants who had received blood transfusion were mostly

older, female, non-Hispanic white, obese (BMI ≥ 30 kg/m2), led a non-

sedentary lifestyle, and the year they received blood transfusion was

1992 to the present. They were less educated; had ASCVD, cancer,

hypertension, diabetes, hyperlipidemia, or anemia; and used more coag-

ulation modifiers. In fact, the prevalence of ASCVD, cancer, hyperten-

sion, diabetes, and anemia in participants who had received blood

transfusion was almost twice or more than twice that of participants

who had not received blood transfusion. Most of them were married or

cohabitating, never smoked, and heavy drinkers; however, the propor-

tions were slightly lower than those in the non-transfusion group. In

comparison to those in the group that were not transfused, lymphocyte

counts, hemoglobin levels, and energy intake per day were lower in the

blood transfusion group, while RDW and HEI were higher (Table 1).

Characteristics of participants after psm

Following PSM, 6116 pairs of cases were analyzed in detail (Table 2).

The overall blood transfusion ratio was increased to 49.4 (95 % CI 46.9

−52.0). The proportion of blood transfusion in those who died was

higher than that in those who survived and a statistical difference was

found between individuals who died and those who survived (p <

0.001) (Supplemental Table 2). The results (Table 2) also showed that

the two groups were comparable in age, sex, race, education level, mari-

tal status, poverty-income ratio, as well as BMI, smoking status, alcohol

intake, ASCVD, cancer, anemia, hypertension, diabetes, hyperlipidemia,

and HEI. After PSM, the average age of the individuals was 58.3 years,

and females and non-Hispanic whites remained predominant. Compared

to participants without blood transfusion, most participants who

received blood transfusion had non-sedentary lifestyles, using coagula-

tion modifiers, and the year they received blood transfusion was 1992 to

the present. They had lower lymphocyte cell count, hemoglobin level,

and energy intake per day but higher RDW.
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Table 1

General characteristics of the included participants based on a history of blood transfusion, (n=48,004).

Characters Total (n=48,004) No (n= 41,812) Yes (n= 6192) p-value

Age (years) 47.0 ± 0.2 45.4 ± 0.2 59.5 ± 0.3 <0.001

< 65 81.9 (79.1,84.7) 85.1 (84.5,85.8) 56.7 (54.9,58.6)

≥ 65 18.1 (17.1,19.0) 14.9 (14.2,15.5) 43.3 (41.4,45.1)

Sex, male (%) 48.0 (46.3,49.7) 49.3 (48.7, 49.9) 37.8 (36.2, 39.4) <0.001

Race (%) <0.001

Mexican American 8.2 (7.3, 9.2) 8.6 (7.5, 9.7) 5.4 (4.4, 6.5)

Other Hispanic 5.4 (4.6, 6.2) 5.6(4.7, 6.4) 4.1 (3.1, 5.1)

Non-Hispanic White 68.3 (64.2, 72.3) 67.6 (65.5, 69.7) 73.6 (71.3, 75.8)

Non-Hispanic Black 11.3 (10.3, 12.3) 11.2 (10.1, 12.4) 11.7 (10.3, 13.1)

Other racesa 6.8 (6.2, 7.3) 7.0 (6.3, 7.6) 5.2 (4.3, 6.1)

Education (%) <0.001

High school or less 41.3 (39.4,43.2) 40.5 (39.2,41.9) 47.2 (45.1, 49.3)

Some college 31.1 (29.8,32.5) 31.2 (30.4,31.9) 30.9 (29.1,32.7)

College graduate 27.5 (25.8,29.2) 28.2 (26.8,29.6) 21.9 (20.1,23.8)

Marital status (%) <0.001

Married/Living with Partner 61.8 (59.1,64.6) 62.2 (61.1, 63.4) 58.7 (56.9, 60.6)

Widowed/Divorced/Separated 18.6 (17.8, 19.5) 17.1 (16.5, 17.8) 30.4 (28.8, 32.1)

Never married 18.4 (17.5, 19.3) 19.5 (18.5, 20.6) 9.6 (8.5, 10.7)

Poverty-income ratio (%) <0.001

< 130% 20.4 (19.2, 21.5) 20.1 (19.0, 21.1) 22.6 (20.9,24.2)

130 %−180 % 9.0 (8.5, 9.5) 8.8 (8.4, 9.3) 10.7 (9.7, 11.6)

> 180% 63.7 (60.9, 66.6) 64.4 (63.1, 65.7) 58.3 (56.2, 60.3)

BMI (kg/m2) 28.8 ± 0.1 28.7 ± 0.1 29.4 ± 0.1 <0.001

< 25.0 30.8 (29.5, 32.1) 31.4 (30.5, 32.3) 26.0 (24.4, 27.5)

25.0−29.9 32.9 (31.5, 34.3) 32.9 (32.1, 33.7) 32.9 (31.2, 34.6)

≥ 30 35.1 (33.7, 36.6) 34.8 (33.9, 35.8) 37.6 (35.9, 39.4)

Sedentary lifestyle (%) 77.9 (74.9, 80.8) 79.3 (78.5, 80.1) 66.3 (64.6, 68.0) <0.001

Smoking status (%) <0.001

Never smoked 53.5 (51.7, 55.4) 54.1 (53.1, 55.2) 48.9 (47.1, 50.8)

Ex-smokers 24.8 (23.6, 26.0) 23.9 (23.2, 24.6) 31.7 (29.9, 33.4)

Currently smoking 21.6 (20.5, 22.7) 21.9 (21.1, 22.7) 19.4 (17.9, 20.8)

Alcohol intake (%) <0.001

Non-drinkers 10.8 (9.9, 11.8) 10.5 (9.6, 11.5) 13.2 (12.0, 14.4)

Moderate-drinkers 31.5 (30.0, 32.9) 31.6 (30.6, 32.6) 30.2 (28.3, 32.0)

Heavy drinkers 41.3 (39.6, 42.9) 42.1 (41.2, 43.1) 34.5 (32.8, 36.1)

Transfusion year <0.001

Before 1972 2.6 (2.4, 2.9) ‒ 23.3 (21.7,24.9)

1972‒1991 3.7 (3.4, 4.0) ‒ 33.0 (31.3, 34.8)

1992 to present 4.7 (4.4, 5.0) ‒ 41.1 (39.3, 42.9)

ASCVD (%) 8.0 (7.5, 8.6) 6.2 (5.9, 6.6) 22.3 (20.7, 23.9) <0.001

Cancer (%) 9.6 (9.1, 10.1) 8.0 (7.6, 8.4) 22.2 (20.8, 23.5) <0.001

Anemia (%) <0.001

No 90.5 (87.2, 93.8) 91.3 (90.8, 91.9) 84.0 (82.6, 85.3)

Mild 4.4 (4.1, 4.7) 3.9 (3.6, 4.2) 8.3 (7.4, 9.2)

Moderate 1.5 (1.4, 1.7) 1.3 (1.1, 1.4) 3.7 (3.0, 4.4)

Severe 0.1 (0.1, 0.1) 0.1 (0.0, 0.1) 0.2 (0.0, 0.3)

Hypertension (%) 37.2 (35.7, 38.7) 34.3 (33.4, 35.2) 60.0 (58.4, 61.6) <0.001

Diabetes (%) 11.9 (11.3,12.4) 10.7 (10.2, 11.1) 21.2 (19.7, 22.7) <0.001

Hyperlipidemia (%) 69.0 (66.3, 71.7) 68.0 (67.2, 68.9) 76.7 (75.2, 78.1) <0.001

Coagulation modifiers (%) 3.9 (3.6, 4.2) 3.0 (2.8, 3.2) 11.1 (10.1,12.1) <0.001

WBC (×10^9/L) 7.3 ± 0.0 7.3 ± 0.0 7.3 ± 0.0 0.400

NEUT (×10^9/L) 4.4 ± 0.0 4.4 ± 0.0 4.4 ± 0.0 0.100

LYM (×10^9/L) 2.2 ± 0.0 2.2 ± 0.0 2.1 ± 0.0 <0.001

PLT (×10^9/L) 254.0 ± 0.7 254.4 ± 0.7 251.5 ± 1.6 0.100

HGB (g/dL) 14.3 ± 0.0 14.3 ± 0.0 13.9 ± 0.0 <0.001

RDW (%) 13.0 ± 0.0 13.0 ± 0.0 13.5 ± 0.0 <0.001

Q1 31.9 (30.3, 33.5) 33.1 (32.0, 34.3) 22.1 (20.4, 23.7)

Q2 30.0 (28.7, 31.4) 30.4 (29.7, 31.1) 27.0 (25.4, 28.6)

Q3 18.2 (17.3, 19.2) 18.1 (17.4, 18.8) 19.3 (17.9, 20.6)

Q4 19.9 (19.1, 20.7) 18.3 (17.6, 19.0) 31.7(29.9, 33.5)

Energy intake (kcal/day) 2160.7 ± 7.0 2193.5 ± 7.3 1904.2 ± 15.0 <0.001

Healthy Eating Index 50.6 ± 0.2 50.5 ± 0.2 51.7 ± 0.3 <0.001

Q1 25.6 (24.3, 27.0) 26.1 (25.2, 27.0) 22.2 (20.6, 23.8)

Q2 25.1 (24.0, 26.1) 25.1 (24.4, 25.8) 24.8 (23.1, 26.4)

Q3 24.5 (23.5, 25.6) 24.4 (23.7, 25.0) 25.7 (24.3, 27.1)

Q4 24.8 (23.6, 26.0) 24.5 (23.5, 25.5) 27.3 (25.6, 29.1)

Values are weighted means ± standard error or weighted% (95 % Confidence Interval); p-values are

weighted.

BMI, Body Mass Index; ASCVD, Arteriosclerotic Cardiovascular Disease; WBC, White Blood Cell Count;

NEUT, Neutrophil Cell Count; LYM, Lymphocyte Cell Count; PLT, Platelet Count; HGB, Hemoglobin;

RDW, Red Blood Cell Distribution Width.
a Other races contain Non-Hispanic Asian participants and other non-Hispanic race (including non-

Hispanic multiracial).
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Table 2

General characteristics of the included participants based on a history of blood transfusion after propen-

sity score matching, (n= 12,232).

Characters Total (n= 12,232) No (n=6116) Yes (n=6116) p-value

Age (years) 58.3 ± 0.3 57.4 ± 0.4 59.3 ± 0.3 0.500

< 65 56.8 (54.0, 59.6) 56.3(54.3,58.3) 57.3 (55.4, 59.2)

≥ 65 43.2 (40.6, 45.8) 43.7 (41.7, 45.7) 42.7 (40.8, 44.6)

Sex, male (%) 38.2 (36.1, 40.3) 38.4 (36.8, 40.0) 38.0 (36.4, 39.6) 0.800

Race (%) 0.700

Mexican American 5.3 (4.5, 6.2) 5.2 (4.4, 6.0) 5.5 (4.4, 6.6)

Other Hispanic 4.3 (3.4, 5.1) 4.5 (3.6, 5.4) 4.1 (3.1, 5.1)

Non-Hispanic White 73.5 (68.5, 78.4) 73.5 (71.3, 75.7) 73.4 (71.2, 75.7)

Non-Hispanic Black 11.9 (10.7, 13.0) 12.0 (10.5, 13.5) 11.7 (10.3, 13.2)

Other racesa 5.0 (4.4, 5.7) 4.8 (4.1, 5.6) 5.2 (4.3, 6.1)

Education (%) 0.700

High school or less 47.3 (44.5, 50.1) 47.6 (45.5, 49.8) 46.9 (44.8, 49.0)

Some college 30.5 (28.5, 32.5) 30.1 (28.1, 32.1) 31.0 (29.2, 32.8)

College graduate 22.2 (20.5, 23.9) 22.3 (20.3, 24.3) 22.1 (20.2, 23.9)

Marital status (%) 0.400

Married/Living with Partner 59.3 (55.9, 62.8) 59.8 (57.9, 61.6) 58.9 (57.0, 60.8)

Widowed/Divorced/Separated 30.1 (28.3, 32.0) 30.1 (28.5, 31.8) 30.2 (28.5, 31.8)

Never married 9.5 (8.6, 10.3) 9.3 (8.1, 10.4) 9.7 (8.6, 10.8)

Poverty-income ratio (%) 0.900

< 130 % 22.3 (20.7, 23.9) 22.1 (20.5, 23.7) 22.6 (20.9, 24.3)

130 %−180 % 10.6 (9.6, 11.5) 10.6 (9.6, 11.6) 10.5 (9.5, 11.5)

> 180 % 58.9 (55.5, 62.2) 59.2 (57.2, 61.2) 58.5 (56.4, 60.7)

BMI (kg/m2) 29.4 ± 0.1 29.5 ± 0.1 29.4 ± 0.1 0.700

< 25.0 26.1 (24.3, 27.8) 26.0 (24.4, 27.7) 26.1 (24.5, 27.6)

25.0−29.9 33.3 (31.3, 35.4) 33.8 (32.2, 35.5) 32.8 (31.1, 34.5)

≥ 30 38.1 (36.0, 40.2) 38.4 (36.6, 40.3) 37.7 (35.9, 39.4)

Sedentary lifestyle (%) 68.7 (65.3, 72.1) 70.7 (69.0, 72.5) 66.6 (64.8, 68.3) <0.001

Smoking status (%) 0.400

Never smoked 49.4 (46.9, 51.8) 49.9 (47.9, 51.9) 48.8 (46.9, 50.7)

Ex-smokers 31.8 (29.9, 33.8) 32.0 (30.2, 33.9) 31.6 (29.9, 33.4)

Currently smoking 18.8 (17.2, 20.3) 18.1 (16.5, 19.6) 19.5 (18.0, 21.0)

Alcohol intake (%) 0.600

Non-drinkers 13.5 (12.3, 14.7) 13.9 (12.6, 15.3) 13.0 (11.8, 14.2)

Moderate-drinkers 30.6 (28.6, 32.6) 30.9 (28.9,32.9) 30.3 (28.4, 32.1)

Heavy drinkers 34.1 (32.0, 36.2) 33.6 (31.8, 35.4) 34.7 (33.0, 36.3)

Transfusion year <0.001

Before 1972 11.6 (10.6, 12.5) ‒ 23.4 (21.8, 25.0)

1972‒1991 16.4 (15.1, 17.7) ‒ 33.2 (31.4, 35.0)

1992 to present 20.2 (18.9, 21.5) ‒ 40.9 (39.1,42.7)

ASCVD (%) 21.7 (20.0, 23.3) 21.7 (20.3, 23.1) 21.6 (20.0,23.2) 0.900

Cancer (%) 21.6 (20.1, 23.1) 21.4 (19.9, 22.9) 21.7 (20.4, 23.1) 0.800

Anemia (%) 0.200

No 85.4 (81.1, 89.8) 86.4 (85.2, 87.6) 84.4 (83.1, 85.8)

Mild 7.6 (7.0, 8.3) 7.1 (6.2, 8.0) 8.2 (7.3,9.1)

Moderate 3.2 (2.8, 3.6) 3.0 (2.4, 3.5) 3.4 (2.8, 4.0)

Severe 0.2 (0.1, 0.3) 0.1 (0.0, 0.3) 0.2 (0.0, 0.3)

Hypertension (%) 60.2 (57.1, 63.4) 60.8 (59.1, 62.6) 59.6 (58.0, 61.3) 0.300

Diabetes (%) 20.7 (19.4, 22.0) 20.8 (19.5, 22.0) 20.6 (19.1, 22.1) 0.900

Hyperlipidemia (%) 77.1 (73.3, 80.9) 77.6 (76.2, 79.0) 76.6 (75.1, 78.0) 0.300

Coagulation modifiers (%) 10.0 (9.1, 10.9) 9.2 (8.2, 10.1) 10.8 (9.8, 11.8) <0.001

WBC (×10^9/L) 7.3 ± 0.0 7.4 ± 0.1 7.3 ± 0.0 0.200

NEUT (×10^9/L) 4.4 ± 0.0 4.4 ± 0.0 4.4 ± 0.0 0.600

LYM (×10^9/L) 2.1 ± 0.0 2.2 ± 0.0 2.1 ± 0.0 0.010

PLT (×10^9/L) 251.9 ± 1.1 252.1 ± 1.3 251.7 ± 1.6 0.800

HGB (g/dL) 14.0 ± 0.0 14.0 ± 0.0 13.9 ± 0.0 < 0.001

RDW (%) 13.3 ± 0.0 13.2 ± 0.0 13.5 ± 0.0 <0.001

Q1 24.6 (22.9, 26.2) 26.8 (25.1, 28.5) 22.2 (20.6, 23.9)

Q2 28.0 (26.2, 29.9) 29.0 (27.3, 30.7) 27.0 (25.4, 28.7)

Q3 19.2 (17.8, 20.6) 19.1 (17.6, 20.6) 19.3 (17.9, 20.7)

Q4 28.2 (26.8, 29.6) 25.0 (23.8, 26.3) 31.4 (29.7, 33.2)

Energy intake (kcal/day) 1942.8 ± 12.9 1975.0 ± 18.1 1910.0 ± 15.0 0.002

Healthy Eating Index 51.9 ± 0.2 52.0 ± 0.3 51.7 ± 0.3 0.400

Q1 22.8 (21.1, 24.4) 23.3 (21.7, 24.9) 22.3 (20.7, 23.9)

Q2 24.0 (22.4, 25.6) 23.2 (21.6, 24.8) 24.8 (23.1, 26.4)

Q3 25.3 (23.7, 27.0) 25.0 (23.2, 26.8) 25.7 (24.3, 27.1)

Q4 27.9 (26.2, 29.7) 28.5 (26.7, 30.3) 27.3 (25.5, 29.1)

Values are weighted means ± standard error or weighted% (95 % Confidence Interval); p-values are

weighted.

BMI, Body Mass Index; ASCVD, Arteriosclerotic Cardiovascular Disease; WBC, White Blood cell Count;

NEUT, Neutrophil Cell Count; LYM, Lymphocyte Cell Count; PLT, Platelet Count; HGB, Hemoglobin;

RDW, Red blood cell Distribution Width.
a Other races contain Non-Hispanic Asian participants and other non-Hispanic race (including non-

Hispanic multiracial).
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Association between blood transfusion with all-cause mortality and cause-

specific mortality

Overall, 2082 participants with blood transfusion died, including

675 cardiovascular deaths and 421 cancer deaths after a 9.3-year

median follow-up (maximum follow-up, 20.8 years). After adjusting for

demographic variables and potential risk factors, blood transfusion was

associated with an increased all-cause mortality rate (HR = 2.06; 95 %

CI 1.52−2.78) (p < 0.001) and increased cardiovascular mortality rate

(HR = 2.86; 95 % CI 1.77−4.62) (p < 0.001). Conversely, the correla-

tion between blood transfusion and cancer-related mortality was attenu-

ated (p > 0.05) (Table 3).

After PSM, during the 10.8-year median follow-up, 2082 participants

with blood transfusion died, including 675 cardiovascular deaths, and

421 cancer deaths. After PSM (Table 3), Hazard Ratios (HR) for all-cause

mortality, cardiovascular mortality, and cancer mortality in participants

who received blood transfusion were 1.31, 1.38, and 1.36 respectively

in unadjusted models. In the final adjusted model, blood transfusion was

associated with an increased all-cause mortality rate (HR = 1.84; 95 %

CI 1.33−2.55) (p < 0.001) and increased cardiovascular mortality rate

(HR = 2.37; 95 % CI 1.41−3.98) (p = 0.010). Conversely, the associa-

tion between blood transfusion and cancer-related mortality was attenu-

ated (p > 0.05). Additionally, the sensitivity analysis of the present

results was robust, and these results were consistent with the data pre-

sented above, further supporting these conclusions.

The Kaplan-Meier curve (Fig. 2) revealed a significant increase in all-

cause and cardiovascular mortality rates in the blood transfusion group

compared to those in the non-transfused group (p < 0.001).

Discussion

In the general population, blood transfusion positively correlated

with all-cause mortality and cardiovascular mortality, even after adjust-

ing for confounding factors and conducting the sensitivity analysis.

Herein, the authors utilized nationally representative data over a 20-

year period, allowing generalization to adults non-institutionalized US

adults with a sufficient follow-up period (median 10.8-years). Notably,

the authors implemented the PSM21 for bias reduction and ensured a suf-

ficient sample size (6116 patients per group, representing 48.6 million

noninstitutionalized residents of the United States). Meanwhile, the

authors considered adjustments for coagulation modifiers and multiple

comorbidities. Additionally, the authors also carried out sensitivity anal-

ysis to avoid the influence of some serious diseases on the mortality

rate, in order to draw more objective conclusions.

At the 6-month follow-up of patients after cardiac surgery, although

there were no statistically significant results between a restrictive or lib-

eral strategy of red-cell transfusion in the TRICS III trial, the main com-

posite outcomes of the two strategies were as high as 17.4 % and 17.1 %,

respectively, which still deserve attention, suggesting that the authors

should further explore the correlation between blood transfusion itself

and all-cause mortality rate, myocardial infarction, stroke, etc.9 A meta-

analysis of perioperative blood transfusion in cardiac surgery patients

(median follow-up, 6.4 years) showed increased mortality risks (log of

the HR = 0.45; 95 % CI 0.30−0.60; p < 0.001).22 A cohort study con-

firmed an increased 1-year mortality rate (HR = 1.21; 95 % CI 1.06

−1.46) among intensive care unit survivors who received transfusions

compared to non-transfusion group,23 suggesting that blood transfusion

Table 3

Associations between blood transfusion and all-cause and cause-specific mortality among adults in NHANES 1999−2018.

Deaths Unadjusted model Model 1 Model 2

n/N HR (95 % CI) p HR (95 % CI) p HR (95 % CI) p

Before PSM

All-cause mortality 2135/7448 3.58 (3.33, 3.86) <0.001 1.87 (1.73, 2.03) <0.001 2.06 (1.52, 2.78) <0.001

Cardiovascular mortality 693/2319 4.64 (4.10, 5.25) <0.001 2.13 (1.86, 2.44) <0.001 2.86(1.77,4.62) <0.001

Cancer mortality 427/1680 3.17 (2.74, 3.67) <0.001 1.79 (1.55, 2.07) <0.001 0.88 (0.41, 1.87) 0.740

After PSM

All-cause mortality 2082/3864 1.31 (1.21, 1.43) <0.001 1.36 (1.24, 1.49) <0.001 1.84 (1.33, 2.55) <0.001

Cardiovascular mortality 675/1282 1.38 (1.20, 1.60) <0.001 1.44 (1.25, 1.66) <0.001 2.37 (1.41, 3.98) 0.001

Cancer mortality 421/779 1.36 (1.14, 1.63) <0.001 1.42 (1.19, 1.71) <0.001 0.90 (0.40, 2.04) 0.800

Sensitivity analysis after exclusion of participants with severe diseases (None, n= 35,130)

All-cause mortality 701/3490 3.01 (2.65, 3.41) <0.001 1.74 (1.51,2.01) <0.001 2.14 (1.24, 3.70) 0.010

Cardiovascular mortality 207/1004 3.55 (2.86, 4.40) <0.001 1.84 (1.43, 2.37) <0.001 3.85 (1.65, 8.99) 0.002

Cancer mortality 138/793 2.43 (1.85, 3.19) <0.001 1.61 (1.20, 2.15) 0.001 1.37 (0.34, 5.43) 0.660

Model 1, Adjusted for: sex, age, race; Model 2, Adjusted for: sex, age, race, smoking status, alcohol intake, transfusion year;

ASCVD; Cancer, Anemia, Coagulation modifiers and red blood cell distribution width quartile.

NHANES, National Health and Nutrition Examination Survey; HR, Hazard Ratio; 95 % CI, 95 % Confidence Interval; ASCVD,

Arteriosclerotic Cardiovascular Disease.

Fig. 2. Kaplan-Meier survival curve of the blood transfusion group and the non-transfusion group. (A) All-cause mortality; (B) Cardiovascular mortality.

6

J. Shi et al. Clinics 79 (2024) 100379



may be strongly correlated with increased long-term mortality, which is

consistent with the present findings. Nonetheless, most previous studies

have been conducted in clinical populations, paying little attention to

the causes of death. Due to the lack of long-term follow-up data, studies

on the correlation between blood transfusion and all-cause and cause-

specific mortality in the general population are lacking. The present

findings suggest that blood transfusion may be a standalone risk factor

for increased death rate among US adults.

This study found a positive correlation between blood transfusion

and cardiovascular mortality in the general population. A meta-analysis

of 203,665 participants from 1966 to 2012, showed that blood transfu-

sion increased all-cause mortality (18.2% vs. 10.2 % in non-blood trans-

fusion treatment) for myocardial infarction patients.24 Moreover, blood

transfusion was reported to increase the risk of repeated myocardial

infarctions and long-term/short-term mortality, especially among indi-

viduals with ST-segment elevation myocardial infarction.25,26 Moreover,

a study of 19,680 patients undergoing major abdominal surgery showed

an increased myocardial infarction incidence 72 h after the administra-

tion of perioperative blood transfusion (p = 0.002).27 These results,

along with the present research findings, could be explained as follows.

First, red blood cells are crucial to both physiological hemostasis and

pathological thrombosis as evidenced by mechanistic studies.28,29 Sec-

ond, the inflammatory and immunomodulatory responses to red blood

cell transfusion may further exacerbate hypercoagulability.30 Third, red

blood cell infusion leads to chronic low-grade inflammation medicated

by immune factors, which is closely related to the metabolic triad of obe-

sity, diabetes, and cardiovascular disease.22 Fourth, more women than

men received a blood transfusion in this study, and they had higher rates

of ASCVD, hypertension, diabetes, hyperlipidemia, and anemia, which

may lead to poor long-term outcomes.

However, due to the use of cross-sectional survey data, this study had

several limitations. First, self-reported blood transfusion exposure led to

the lack of indications for transfusion and detailed transfusion informa-

tion, which hindered further analysis such as comparative studies. The

authors could not differentiate restrictive red blood cell transfusion

strategy from liberal red blood cell transfusion strategy, nor could the

authors determine whether red blood cells, platelets, or plasma are

being infused, as well as the infusion unit or dosage, but this information

may be better used to analyze outcomes and develop appropriate inter-

ventions. This may also be the reason why the present research results

were inconsistent with the results of the MINT trial,31 which suggested

that there was no significant difference in the 30 days mortality rate

between the restrictive-strategy group and the liberal-strategy group for

patients with myocardial infarction and hemoglobin levels < 10 g/dL.

Second, incomplete data hindered the conduction of some of the

planned subgroups. Third, inability to establish causality between blood

transfusion and mortality due to the study’s observational nature.

Fourth, the authors were unable to distinguish patients who had cardiac

surgery from those who had non-cardiac surgery in this observational

study. A large number of cardiac surgery patients may be excluded from

the sensitivity analysis, which may lead to selection bias. Fifth, in spite

of the fact that the authors adjusted the analyses for important con-

founding factors, including serious illnesses related to death, residual

confounding may still exist if factors are unknown or unmeasured. These

defects can be overcome in the future through more well-designed ran-

domized controlled trials.

Conclusion

Blood transfusion significantly impacts long-term all-cause mortality

and cardiovascular mortality rates in the general US population, poten-

tially being an under-recognized risk factor for death. Thus, the effective

management of blood transfusion in the general population may be ben-

eficial. However, further studies, including subgroup analysis, are war-

ranted to define the correlation between blood transfusion and

mortality in specific populations.
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