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1  | INTRODUC TION

The ABO blood group system was first reported in 1901, based 
on the presence of A and/or B antigens on the erythrocytic 

membrane and no corresponding anti-A and/or B antibodies in 
serum.1 Since then, serological methods have been widely used 
for blood transfusion in clinical practice. In 1990, Yamamoto 
cloned the coding cDNA of glycosyltransferase of the A1 (ABO) 
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Abstract
Objective: Human ABO blood groups are determined by the alleles A, B, and O (O01 
and O02) of the ABO gene and have been linked to the risks for cardiovascular dis-
eases and cancers that affect lifespan.
We examined the genetic associations of the ABO gene and blood groups with 
longevity.
Methods: We inspected the frequencies of the A, B, O, and O02 alleles in a large 
Chinese centenarian population (n = 2201) and in middle-aged controls (n = 2330). 
The single nucleotide polymorphisms were selected as allele A (rs507666), B 
(rs8176743, rs8176746, and rs8176749), O (rs687289), and O02 (rs688976, rs549446, 
and rs512770).
Results: Supported by allelic and genotypic association studies, the frequencies of 
blood types A, B, O, and AB in centenarian versus control participants were not sta-
tistically different: 0.2821 versus 0.2781 (χ2 = 0.09, P = 0.76), 0.2867 versus 0.3060 
(χ2 = 2.03, P = 0.15), 0.3380 versus 0.3159 (χ2 = 2.52, P = 0.11), and 0.0859 versus 
0.0910 (χ2 = 0.37, P = 0.54), respectively. Sex had little effect on these distributions.
Conclusion: Integrated with other previous reports, we conclude from this large 
Chinese cohort that genetic variants of the ABO gene and blood groups are not as-
sociated with longevity.
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gene,2 allowing for the use of biological materials alternative to 
the blood sample, such as fingernails, hair, saliva, and oral mu-
cous membranes, in the typology of ABO blood groups.

The human ABO gene is located at chromosome 9q34.1-34.2. 
The main coding regions lie in exon 6 and exon 7. ABO blood groups 
are decided by alleles A, B, and O, among which alleles A and B 
are autosomal dominant. The differences lie in seven nucleotides 
(c.297A > G, c.526C > G, c.657C > T, c.703G > A, c.796C > A, 
c.803G > C, and c.930G > A), and allele O is a single nucleotide 
deletion (c.261delG) resulting in a frameshift and early termina-
tion with no active enzyme produced. Allele O is mainly O01 and 
O02, which differ in nine nucleotides (c.106G > T, c.188G > A, 
c.189C > T, c.220C > T, c.297A > G, c.646T > A, c.681G > A, 
c.771C > T, and c.829G > A).3-5 The alleles A and B encode glycos-
yltransferase to transfer the glycosylates to H substance, forming 
A and B antigen on erythrocytic membranes,6 respectively. With 
the nonfunctional enzyme, instead of A/B antigen, H antigen is 
expressed by allele O.7 ABO phenotypes (commonly referred to as 
“ABO blood types”) are determined by genotypes, while genotypes 

A/A and A/O correspond to phenotype A, B/B and B/O to pheno-
type B, O/O to phenotype O, and A/B to phenotype AB.

The ABO blood group system is the most widely used blood group 
system.8 It not only plays a role in blood transfusion and transplan-
tation but is also of interest to many researchers for its relation with 
diseases. For instance, it has been shown that blood type A is a risk 
factor for gastric cancer9-11 while blood type O is a protective factor 
for atherosclerosis.12-14

Cardiovascular diseases and cancers impact the lifespan signifi-
cantly. Thus, the association between ABO blood types and human 
longevity has naturally been evaluated previously. It was reported as 
early as the 1960s that individuals with type A lived longer.15 Later, a 
number of studies reported that type B and O were associated with 
longer lifespan or longevity phenotypically and genotypically.16-19

However, these findings remain debatable.20 The debate is pos-
sibly caused by small population sizes and stratifications as well as 
the moderate effects of blood type on longevity. To our knowledge, 
the largest population to test the genetic association of blood types 
with human longevity consisted of only 269 centenarians.16 Thus, 

TA B L E  1   The frequencies of ABO alleles

Allele SNP Group CN CF MN MF χ2 OR 95% CI
P 
value

A rs507666 Total 902 0.2049 980 0.2103 0.40 0.97 0.87-1.07 0.53

Male 223 0.1956 356 0.2245 3.30 0.84 0.70-1.01 0.07

Female 679 0.2082 624 0.2030 0.26 1.03 0.91-1.17 0.61

B rs8176743 Total 899 0.2042 1016 0.2180 2.59 0.92 0.83-1.02 0.11

Male 241 0.2114 341 0.2150 0.05 0.98 0.81-1.18 0.82

Female 658 0.2017 675 0.2196 3.04 0.90 0.80-1.01 0.08

B rs8176746 Total 918 0.2085 1039 0.2230 2.78 0.92 0.83-1.02 0.10

Male 244 0.2140 345 0.2175 0.05 0.98 0.81-1.18 0.83

Female 674 0.2066 694 0.2258 3.43 0.89 0.79-1.01 0.06

B rs8176749 Total 916 0.2081 1032 0.2215 2.40 0.92 0.84-1.02 0.12

Male 244 0.2140 344 0.2169 0.03 0.98 0.82-1.18 0.86

Female 672 0.2060 688 0.2238 2.98 0.90 0.80-1.01 0.08

O rs687289 Total 2576 0.5852 2646 0.5678 2.80 1.07 0.99-1.17 0.09

Male 674 0.5912 888 0.5599 2.66 1.14 0.97-1.33 0.10

Female 1902 0.5831 1758 0.5719 0.81 1.05 0.96-1.16 0.37

O02 rs512770 Total 1103 0.2506 1156 0.2481 0.08 1.01 0.46-1.25 0.78

Male 294 0.2579 381 0.2402 1.11 1.10 0.92-1.31 0.29

Female 809 0.2480 775 0.2521 0.14 0.98 0.87-1.10 0.71

O02 rs688976 Total 1103 0.2506 1156 0.2481 0.08 1.01 0.46-1.25 0.78

Male 294 0.2579 382 0.2409 1.03 1.10 0.92-1.31 0.31

Female 809 0.2480 774 0.2518 0.12 0.98 0.87-1.10 0.73

O02 rs549446 Total 1104 0.2508 1157 0.2483 0.08 1.01 0.46-1.12 0.78

Male 294 0.2579 383 0.2415 0.96 1.09 0.92-1.30 0.33

Female 810 0.2483 774 0.2518 0.10 0.98 0.88-1.10 0.75

Abbreviations: CF, frequency in centenarians; CI, confidence interval; CN, number of centenarians; MF, frequency in middle-aged controls; MN, 
number of middle-aged controls; OR, odds ratio; SNP, single nucleotide polymorphism.
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it has become necessary to evaluate the association of ABO blood 
groups in large longevity populations.

In order to search for factors that influence healthy aging and lon-
gevity, we initiated the Chinese Longitudinal Healthy Longevity Survey 
(CLHLS) in a large Chinese cohort from 1998 to 2014 and carried out 
genetic screening, leading to the identification of a number of genes 
associated with human longevity.21-24 Among these studies, datasets 
of the genome-wide association study that included 2178 centenar-
ians and 2299 middle-aged controls23,24 were subjected to searches 
for the genetic associations of the ABO gene and blood groups with 
longevity.

2  | METHODS

2.1 | Samples and data source

Sampling, population quality, and genotyping on the cohort have been 
reported.23-25 Samples and data from the CLHLS were randomly se-
lected from half of the counties and cities in 22 of the 31 provinces 
in China, which means the data cover approximately 85% of the total 
Chinese population. The study included 2201 centenarians, including 
570 males and 1631 females, and a regionally matched control group of 
2330 middle-aged individuals, including 793 males and 1537 females.

TA B L E  2   The frequencies of ABO genotypes

Genotype Group CN CF MN MF χ2 OR 95% CI
P 
value Pcorr

A/A Total 87 0.0395 105 0.0451 0.86 0.87 0.65-1.17 0.36 NT

Male 19 0.0333 42 0.0530 2.99 0.62 0.36-1.07 0.08 NT

Female 68 0.0417 63 0.0410 0.01 1.02 0.72-1.46 0.92 NT

A/O01 Total 290 0.1318 313 0.1343 0.07 0.98 0.82-1.16 0.80 NT

Male 72 0.1263 108 0.1362 0.28 0.92 0.67-1.25 0.60 NT

Female 218 0.1337 205 0.1334 0.00 1.00 0.82-1.23 0.97 NT

A/O02 Total 244 0.1109 230 0.0987 1.78 1.13 0.94-1.38 0.18 NT

Male 61 0.1070 85 0.1072 0.00 1.00 0.71-1.40 1.00 NT

Female 183 0.1122 145 0.0943 2.72 1.21 0.96-1.53 0.10 NT

B/B Total 93 0.0423 107 0.0459 0.36 0.92 0.69-1.22 0.55 NT

Male 26 0.0456 44 0.0555 0.66 0.81 0.50-1.33 0.42 NT

Female 67 0.0411 63 0.0410 0.00 1.00 0.70-1.41 1.00 NT

B/O01 Total 319 0.1449 329 0.1412 0.13 1.03 0.87-1.22 0.72 NT

Male 85 0.1491 102 0.1286 1.18 1.19 0.87-1.62 0.28 NT

Female 234 0.1435 227 0.1477 0.11 0.97 0.79-1.18 0.74 NT

B/O02 Total 219 0.0995 277 0.1189 4.36 0.82 0.68-0.99 0.04

Male 56 0.0982 81 0.1021 0.06 0.96 0.66-1.38 0.81 NT

Female 163 0.0999 196 0.1275 5.99 0.76 0.61-0.95 0.01

O01/O01 Total 246 0.1118 236 0.1013 1.31 1.12 0.92-1.34 0.25 NT

Male 68 0.1193 88 0.1110 0.23 1.08 0.78-1.52 0.63 NT

Female 178 0.1091 148 0.0963 1.41 1.15 0.91-1.45 0.23 NT

O01/O02 Total 360 0.1636 357 0.1532 0.91 1.08 0.92-1.27 0.34 NT

Male 85 0.1491 110 0.1387 0.29 1.09 0.80-1.47 0.59 NT

Female 275 0.1686 247 0.1607 0.36 1.06 0.88-1.28 0.55 NT

O02/O02 Total 138 0.0627 143 0.0614 0.03 1.02 0.80-1.30 0.85 NT

Male 45 0.0789 51 0.0643 1.09 1.25 0.82-1.87 0.30 NT

Female 93 0.0570 92 0.0599 0.12 0.95 0.70-1.28 0.73 NT

A/B Total 189 0.0859 212 0.0910 0.37 0.94 0.76-1.15 0.54 NT

Male 49 0.0860 71 0.0895 0.05 0.96 0.66-1.39 0.82 NT

Female 140 0.0858 141 0.0917 0.34 0.93 0.73-1.18 0.56 NT

Abbreviations: CF, frequency in centenarians; CI, confidence interval; CN, number of centenarians; MF, frequency in middle-aged controls; MN, 
number of middle-aged controls; NT, not tested; OR, odds ratio; Pcorr, P value after Bonferroni correction.
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2.2 | Selection of single nucleotide polymorphisms 
for ABO alleles, genotypes, and blood types

Eight single nucleotide polymorphisms (SNPs)—including rs507666 
(c.28 + 1179G > A) for allele A; rs8176743 (c.703G > A), rs8176746 
(c.796C > A), and rs8176749 (c.930G > A) for allele B; rs687289 
(c.99-329A > G) for allele O; and rs688976 (c.106G > T), rs549446 
(c.188G > A), and rs512770 (c.220C > T) for allele O024,5,26—were 
selected for this study. Individuals with the O allele but not the O02 
allele were considered for the O01 allele.

The frequencies of four alleles (A, B, O, and O02), 10 genotypes 
(A/A, A/O01, A/O02, B/B, B/O01, B/O02, O01/O01, O01/O02, O02/
O02, and A/B), and four blood types (A, B, O, and AB) were evaluated 
in 4494 individuals. (The identification of the ABO alleles and geno-
types are listed in the Supplementary Material).

2.3 | Statistical analysis

The frequency of each SNP was calculated and used to evaluate its 
departure from Hardy-Weinberg equilibrium by a chi-square test. 
Differences in allele, genotype, and blood type distribution between 
cases (centenarians) and controls (middle-aged individuals) were 
analyzed using binary logistic regression adjusted for nongenetic 
covariates under various genetic models.21 Sex was also analyzed 
separately. The chi-square test was performed using GraphPad Prism 
(Version 8.4.2). A Bonferroni method was used for multiple compari-
son correction.27 The chi-square values, odds ratios (ORs), 95% con-
fidence intervals (CIs), and P values were presented for all association 
tests. A P value < 0.05 was considered to be statistically significant.

2.4 | Meta-analysis

2.4.1 | Search strategy

We performed a systematic literature search using PubMed, 
ScienceDirect, Wiley, Oxford Academic, Web of Science, and 
SinoMed for studies reporting the association between ABO blood 
groups and longevity, including relevant articles and reviews (up to 
April 2020). Only studies published in English were considered. Two 
search themes were combined using the Boolean operator “AND”; 
the first theme was “ABO AND longevity,” and the second theme 
was “ABO AND lifespan.”

TA B L E  3   The frequencies of ABO blood types

Blood type Group CN CF MN MF χ2 OR 95% CI
P 
value Pcorr

A Total 621 0.2821 648 0.2781 0.09 1.02 0.90-1.16 0.76 NT

Male 152 0.2667 235 0.2963 1.44 0.86 0.68-1.10 0.23 NT

Female 469 0.2876 413 0.2687 1.40 1.10 0.94-1.28 0.24 NT

B Total 631 0.2867 713 0.3060 2.03 0.91 0.80-1.04 0.15 NT

Male 167 0.2930 227 0.2863 0.07 1.03 0.82-1.31 0.79 NT

Female 464 0.2845 486 0.3162 3.79 0.86 0.74-1.00 0.05

O Total 744 0.3380 736 0.3159 2.52 1.11 0.98-1.25 0.11 NT

Male 198 0.3474 249 0.3140 1.68 1.16 0.93-1.46 0.20 NT

Female 546 0.3348 487 0.3169 1.16 1.09 0.93-1.26 0.28 NT

AB Total 189 0.0859 212 0.0910 0.37 0.94 0.76-1.15 0.54 NT

Male 49 0.0860 71 0.0895 0.05 0.96 0.66-1.39 0.82 NT

Female 140 0.0858 141 0.0917 0.34 0.93 0.73-1.18 0.56 NT

Abbreviations: CF, frequency in centenarians; CI, confidence interval; CN, number of centenarians; MF, frequency in middle-aged controls; MN, 
number of middle-aged controls; NT, not tested; OR, odds ratio; Pcorr, P value after Bonferroni correction.

F I G U R E  1   Flowchart representing the study selection process 
for the meta-analysis.
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2.4.2 | Selection criteria

The literature eligibility was evaluated by two investigators (Y. Z. and 
A. H. K.) independently, and disagreements were resolved by an-
other investigator (Y. L.). Articles were included if: (a) the authors had 

presented an original, peer-reviewed study (eg, not a meeting report); 
(b) the study was a case-control study or a cohort study; (c) age over 
90 years was considered as the case group; (d) the authors had pro-
vided ORs and 95% CIs for A versus non-A, B versus non-B, O versus 
non-O, and AB versus non-AB, or enough data to calculate them. If 

TA B L E  4   Characteristics, ABO blood types distribution, and NOS scores of included studies

First Author, YRef. Sturgeon, 196930
Coppola, 
200331

Shimizu, 
200416 Mengoli, 201532 Franchini, 201618

Current 
study, 2020

Country Turkey Italy Japan Italy Italy China

Exposure measures Serological methods Blood test Blood test Electronic 
clinical records

Standard micro-column 
agglutination technology

Genotyping 
by SNPs

Number of centenarians 50 74 269 252 165 2201

A/non-A Cases 22/28 92/177 108/144 55/110 621/1580

Controls 47/63 2759/4394 2145/2880 2086/2977 648/1682

B/non-B Cases 11/39 79/190 22/230 14/151 631/1570

Controls 20/90 1570/5583 575/4450 541/4522 713/1617

O/non-O Cases 11/39 32/42 76/193 110/142 93/72 744/1457

Controls 37/73 39/71 2153/5000 2087/2938 2201/2862 736/1594

AB/non-AB Cases 6/44 22/247 12/240 3/162 189/2012

Controls 6/104 671/6482 218/4807 235/4828 212/2118

NOS 7 8 8 8 7 8

Abbreviations: NOS, Newcastle-Ottawa Scale; SNPs, single nucleotide polymorphisms.

F I G U R E  2   Forest plots of ABO blood types and longevity: (A) blood type A and longevity, (B) blood type B and longevity, (C) blood type 
O and longevity, (D) blood type AB and longevity.
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there was overlap among the data, we chose the report with more 
extensive coverage.

2.4.3 | Data extraction and study 
quality assessment

The following information was extracted from the selected studies: 
the first author’s name, publication year, country, exposure meas-
ures, number of participants, case numbers, and control numbers. 
The quality of the studies was assessed with the Newcastle-Ottawa 
Scale (NOS). With a score ranging from 0 to 9, a score ≥7 indicated a 
high-quality study.

2.4.4 | Data synthesis

Heterogeneity test was conducted before meta-analysis. Cochran Q 
and I2 statistics were used to evaluate heterogeneity. An I2 > 50% 
was considered to have severe heterogeneity.28 If I2 > 50%, a ran-
dom effect model was used to combine study individual effect es-
timates accounting for heterogeneity. Otherwise, the fixed-effect 
model was selected.29 A comprehensive meta-analysis was per-
formed (Stata 14.0) to analyze the overall ORs and 95% CIs for the 
association between ABO blood types and longevity.

3  | RESULTS

3.1 | Allelic association analysis

To determine the ABO allelic association with longevity, eight SNPs 
(rs507666 for allele A; rs8176743, rs8176746, and rs8176749 for allele 
B; rs687289 for allele O; and rs688976, rs549446, and rs512770 for 
O02) were selected. There was no significant deviation for eight tagging 
SNPs of the ABO gene in the Hardy-Weinberg equilibrium test for either 
the case or control groups. Allele frequencies of the ABO gene in cen-
tenarians and middle-aged controls were evaluated in the total popula-
tion as well as in sex-classified populations (Supplementary Material). No 

significant difference was found in ABO allele distributions in centenar-
ians compared to middle-aged controls regardless of sex (Table 1).

3.2 | Genotypic association analysis

A comprehensive analysis of these eight SNPs was executed to 
determine the ABO genotypic association with longevity. We di-
vided ABO genotypes into 10 groups (A/A, A/O01, A/O02, B/B, B/
O01, B/O02, O01/O01, O01/O02, O02/O02, and A/B), and calcu-
lated their frequencies separately. The results suggested no sig-
nificant difference in ABO genotypes in centenarians compared to 
middle-aged controls after Bonferroni correction regardless of the 
sex (Table 2).

3.3 | Phenotypic association analysis

We incorporated genotypes that represent the same phenotypes—
that is, genotypes A/A, A/O01, and A/O02 for blood type A; geno-
types B/B, B/O01, and B/O02 for blood type B; genotypes O01/O01, 
O01/O02, and O02/O02 for blood type O; and genotype A/B for 
blood type AB—to determine the association between ABO blood 
types and longevity. According to the results from the chi-square 
test, no significant difference was found in centenarians compared 
to middle-aged controls in ABO blood types after Bonferroni correc-
tion regardless of the sex (Table 3).

3.4 | Meta-analysis

To compare our findings with the previously published studies, we 
performed a meta-analysis.

3.4.1 | Literature search

Using the search strategy, 3987 citations were identified. After 
screening based on titles and abstracts, 22 citations remained for 

TA B L E  5   Summary of longevity with ABO blood group association

First author, 
YearRef.

Population 
source

Case number/
Mean age (y)

Control number/
Mean age (y) P value Conclusion

Murray, 196115 United Kingdom 281/71.7 352/75.8 <0.025 A decrease in blood group O and an increase in 
group A in the healthy group compared with 
the geriatric group.

Sturgeon, 196930 Turkey 50/105 110/36 >0.05 No association between ABO blood groups and 
longevity was found.

Shimizu, 200416 Japan 269/101.2 7153/54.8 0.04 Blood type B individuals might live longer.

Vasto, 201120 Italy 38/(100-107) 59/(45-65) >0.05 No association between ABO blood groups and 
longevity was found.

Brecher and Hay, 
201117

United States 772 death 
patients/(0-97)

<0.01 Instead of a marker for longevity, blood type B 
might be a marker for earlier death.
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further full-text review. Finally, based on the selection criteria, only 
five studies were included16,18,30-32 (Figure 1).

3.4.2 | Data extraction and study 
quality assessment

All of these five articles were case-control studies with an NOS 
score ≥ 7. One study only analyzed blood type O and non-O. First 
author name, publication year, country, exposure measures, num-
ber of centenarians, case numbers, control numbers, and NOS 
scores are listed in Table 4. Data from the current study are also 
listed.

3.4.3 | Association between ABO blood types and 
longevity by meta-analysis

Since I2 > 50% in blood type B versus non-B and O versus non-O 
groups, the random effect model was used. For blood type A ver-
sus non-A and AB versus non-AB, the fixed-effect model was used. 
No statistically significant difference between ABO blood types and 
longevity was shown by forest plots (Figure 2).

4  | DISCUSSION

In this study, we evaluated the association of ABO alleles, genotypes, 
and blood types with longevity in our large Chinese centenarian 
population as well as in previously published datasets and found that 
genetic variants of ABO genes are not associated with the human 
longevity trait.

Longevity is a complex trait that is affected by both genetic and 
environmental factors, including diseases and personalities.33-36 
Over the past decades, huge efforts have been made to evaluate the 
genetic contribution to human longevity, leading to the identifica-
tion of several genes or loci associated with centenarians or excep-
tionally long-lived individuals through a candidate gene approach or 
genome-wide association study.21-23,37,38 Human ABO blood groups 
are genetically determined and have been shown to influence dis-
eases and personalities39; therefore, they could possibly influence 
lifespan, including longevity.

Our study does not support the genetic association of ABO 
alleles with human longevity, as no statistical differences were 
found between centenarians and middle-aged controls even with-
out multiple comparison correction, which is in agreement with 
the previous studies.20,30 Our meta-analysis showed a consistent 
conclusion.

We carefully reviewed the studies that had previously reported 
a positive association between ABO blood groups and longev-
ity.15-17,20,30 As listed in Table 5, small sample size and statement for 
longevity are two common problems, which are critical influencers 
for population-based studies as the population is heterogeneous and 

stratified by many hidden or unnoticed factors. In this view, a larger 
population should produce a more robust statistical estimation. In this 
study, 2201 centenarians and 2330 regionally matched middle-aged 
individuals as controls were included, presenting the largest popula-
tion ever for estimating the association between ABO and longevity 
and providing sufficient statistical power for the statement.

The current study does not debate the association between ABO 
blood groups and specific diseases and risks, such as myocardial in-
farction and coronary artery disease,13,40,41 ischemic stroke,42 or can-
cers,9,43 as previously reported (Table 6). Centenarians represent a 
model of human healthy aging in contrast to those who suffer from 
diseases or even death after middle age. That ABO genotypes are asso-
ciated with diseases, even life-threatening diseases, but not with lon-
gevity may imply a notion that disease and longevity are two biological 
processes with distinct pathways. On the other hand, the two biological 
processes also share some common pathways. For example, we have 
shown in our previous study that immune response and inflammation, 
mitogen-activated protein kinase, sucrose, and xenobiotic metabolism 
significantly contribute to longevity,23 but these have also been linked 
to various diseases and the aging process. Longevity is a multifactorial 
and polygenic trait, and it has a group of influencers, including risks 
and diseases, which are intermediate phenotypes that contribute to 
the longevity trait in a more complicated way than expected.

Since all of our subjects are Han Chinese, our study has a popu-
lation limitation. It is necessary to validate our findings in other pop-
ulations. In summary, our study shows that genetic variants of the 
ABO gene are not associated with the human longevity trait.
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