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Arteriosclerosis, Thrombosis, and Vascular Biology

CLINICAL AND POPULATION STUDIES

Genetically Determined ABO Blood Group and its
Associations With Health and Disease

Hilde E. Groot, Laura E. Villegas Sierra, M. Abdullah Said, Erik Lipsic, Jacco C. Karper, Pim van der Harst

0BJECTIVE: To determine the spectrum of phenotypes linked to the ABO blood group system, using genetic determinants of
the ABO blood group system.

APPROACH AND RESULTS: We assessed the risk of 41 health and disease outcomes, and 36 linear traits associated with the ABO
blood group system in the UK Biobank cohort. A total of 406755 unrelated individuals were included in this study. Blood
groups A, B, and O were determined based on allele combinations of previously established single-nucleotide polymorphisms
rs8176746, rs8176719 in the ABO gene. Group AB was excluded because of its relative small sample size. Overall, 187 387
(46%) were male with a mean (SD) age of 57£8.1 years and a median total exposure of 64 person-years (interquartile
range, 57-70). Of 406755 individuals, 182621 (44.9%) participants had blood group O, 182786 (44.9%) had blood
group A, and 41348 (10.2%) had blood group B. ABO blood groups were associated with 11 health and disease outcomes
(F<2.19x1074). ABO blood groups were primarily associated with cardiovascular outcomes. Compared with individuals
with blood group O, blood groups A and B were associated with increased odds of up to 1.66 (95% ClI, 1.43-1.69) for
thromboembolic events and decreased odds for hypertension (0.94 [95% CI, 0.92-0.97]).

CONCLUSIONS: The ABO blood group system is associated with several parameters of healthy aging and disease development.
Knowledge of ABO blood groups might be of interest for more personalized approaches towards health maintenance and
the prevention of diseases.

VISUAL OVERVIEW: An online visual overview is available for this article.

Key Words: ABO ® aging ® blood ® genetics ® hypertension ® phenotype

Austrian pathologist Karl Landsteiner in 1901, who

classified the blood groups based on the presence
of A and B antigens on the surface of red blood cells
after noting patterns of agglutination during blood trans-
fusions.! Since the discovery of the ABO blood group
system, several studies investigating the relationship
between the ABO blood group system and various dis-
eases have been conducted.? One of the discovered rela-
tionships is the association between ABO blood groups
and blood coagulation®® Individuals with non-O blood
groups demonstrate an increased risk for several throm-
boembolic diseases, including ischemic heart disease,
pulmonary thromboembolism (PE), and deep vein throm-
bosis.2® The associations between ABO blood group with
thromboembolic diseases and bleeding risk are possibly

The ABO blood group system was discovered by the

mediated not only by the relationship between glycosyl-
transferase activity but also via plasma levels and biologic
activity of VWF (von Willebrand factor), a carrier protein
for coagulation factor VIII, which is reduced in O-group
individuals.3™® In O-group individuals, reduced risks of
thromboembolic diseases have been reported, although
with regards to bleeding risk, its correlation with reduced
VWEF levels remains inconclusive.5®'® The expression of
A or B antigens, and thereby an individual's blood group,
is the result of allelic combinations of genetic variants
in the ABO gene on chromosome 9 (9q34.2).5'"12 In
agreement with studies which used the ABO phenotype,
genetically determined non-O blood groups were simi-
larly associated with an increased risk of ischemic stroke
and venous thromboembolism.®> However, these stud-
ies included only a small number of participants or were
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Nonstandard Abbreviations Acronyms

Highlights

OR odds ratio

PE pulmonary thromboembolism
SNP single-nucleotide polymorphism
VWF von Willebrand factor

limited to one disease. Furthermore, most studies studied
differences between blood group O and non-O, rather
than studying blood group A, B, and AB separately.2®'3-1¢
The association between blood group and healthy aging
remains unknown as well. Therefore, we aimed to geneti-
cally determine ABO blood groups in 406 755 individuals
and provide a phenome-wide overview of the associa-
tions between ABO blood groups with prevalent and
new-onset disease, as well as health in the UK Biobank.

MATERIALS AND METHODS

The data that support the findings of this study are available in
the UK Biobank study.

UK Biobank Participants

The UK Biobank study design and population have been
described in detail elsewhere.'” In brief, UK Biobank is a large
community-based prospective study in the United Kingdom that
recruited >b00000 participants aged 40 to 69 years old with
the aim of improving prevention, diagnosis, and treatment of a
plethora of illnesses including cancer, diabetes mellitus, stroke,
and heart diseases. All participants gave informed consent for
the study. UK Biobank has approval from the relevant insti-
tutional review boards, namely, the North West Multi-Center
Research Ethics Committee for the United Kingdom, from the
National Information Governance Board for Health and Social
Care for England and Wales, and from the Community Health
Index Advisory Group for Scotland.'® The present study was
conducted under application number 15031 of the UK Biobank
resource. The data from the UK Biobank resource are available
for other researchers following an approved research proposal.'

Genotyping and Imputation

The genotyping process and arrays used in the UK Biobank
study have been described elsewhere in more detail.'® Briefly,
participants were genotyped using the custom UK Biobank
Lung Exome Variant Evaluation Axiom (Affymetrix; n=49949),
which includes 807411 single-nucleotide polymorphisms
(SNPs) or the custom UK Biobank Axiom array (Affymetrix;
n=452713), which includes 820967 SNPs (5). The arrays have
insertion and deletion markers with >95% common content.'82°
Imputed genotype data were provided by UK Biobank, based
on merged UK10K and 1000 Genomes phase 3 panels.?'
Participants were excluded if there was no genetic data avail-
able or if there was a mismatch between genetic and reported
sex (n=378). Furthermore, participants with high missingness,
excess heterozygosity, or familial relatedness were excluded
(n=963). Last, we excluded participants of whom we could not

Arterioscler Thromb Vasc Biol. 2020;40:830-838. DOI: 10.1161/ATVBAHA.119.313658

» The ABO blood group system has been linked to
several diseases.

* However, a phenome-wide scan to assess the extent
of these associations has not been performed yet.

* The ABO blood group system was associated with
healthy aging and disease development.

+ ABO blood groups were primarily associated with
cardiovascular outcomes.

 The determination of ABO blood groups could serve
in blood group individualized approaches towards
health maintenance and prevention of diseases.

create blood group based on the allelic combinations in previ-
ous literature (unknown blood group), or who had blood group
AB (n=15529). The latter were excluded due to their very smalll
sample size compared with the other blood groups (A, B, and O).
We created a maximal independent set of 406755 unrelated
individuals with available information on blood group. Figure 1
shows a flowchart of the study sample selection.

ABO Determination

ABO blood group was determined using allele combinations
of SNP rs8176746 and rs8176719 located in the ABO gene
(Figure 2)."" Alleles were matched according to previous lit-
erature, based on frequency."" Table | in the online-only Data
Supplement contains a detailed list of the extracted SNPs.
Information on blood groups A, B, and O was available for
406755 participants.

Definition of Prevalent and New-Onset Disease

and (Cardiovascular) Health

We studied the association with ABO in 41 phenotypes and
36 linear traits. Definitions used to define incident and preva-
lent outcomes are presented in Table Il in the online-only Data
Supplement. We used self-reported diagnoses and medication,
and Hospital Episode Statistics data, as previously described.??
Furthermore, 2 health variables were generated. Cardiovascular
health was defined as the absence of diabetes mellitus, stroke,
and myocardial infarction.?® Total health was based on the World
Health Organization’s top 10 causes of deaths in high-income
countries and defined as absence of coronary artery disease,
stroke, Alzheimer disease, lung cancer, chronic obstructive
pulmonary disorder, pneumonia, colon cancer, rectal cancer,
diabetes mellitus, kidney diseases, and breast cancer before
inclusion or during follow-up.?* Follow-up for disease out-
comes was censored on March 31, 2015, for participants from
England, August 31, 2014, for participants from Scotland, and
on February 28, 2015, for participants from Wales. Follow-up
for death was from inclusion until January 31, 2016, for partici-
pants from England and Wales and until November 30, 2015,
for participants from Scotland.

Vital Signs, Blood Count, and Longevity

At the baseline visit, vital signs and biological samples were
collected, together with data of self-completed questionnaires,

March 2020 831
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genetic data

502,559 Participants with available

A 4

\ 4

1,341 Excluded

378 With mismatch between genetic and reported
sex

963 With high missingness or excess
heterozygosity

501,218 Participants

. 64,535 Excluded because of familial

A4

relatedness and not of white British descent

white British descent

436,683 Unrelated participants of

Y

analysis

SNPs not imputed (14,266)
Unknown blood group (133)
Blood group AB (15,529)

’ 406,755 participants included in

! }

182,621 blood group O ‘ 182,782 blood group A

41,348 blood group B

|

Figure 1. Flowchart for the selection of the analyzed study sample from the UK Biobank.

SNP indicates single-nucleotide polymorphism.

interviews, and physical measurements. Blood pressure was
measured twice, automated or manually, and average values
were used. Automated measurements were corrected as pro-
posed by Stang et al.?® Longevity was based on parental lifes-
pan (field ID 1807 and 3526).

Statistical Analysis

We excluded outcomes with a prevalence of 1% or less from
the analyses. Logistic regression analyses were performed
to assess the effect of blood group on combined previous
and new-onset disease outcomes. Odds ratios (ORs) with
95% ClI and standardized beta () were calculated between
blood groups (A versus O [reference], B versus O [reference],
and A versus B [reference]), and non-O versus O (refer-
ence). Logistic regression analyses were adjusted for age at
moment of last follow-up, sex, genotyping chip, and the first
30 principal components (to adjust for population structure)

832  March 2020

provided by UK Biobank. Furthermore, Cox regression analy-
ses were performed for the significant associations found in
the logistic regression analyses, adjusted for age at moment
of last follow-up, sex, genotyping chip, and the first 30 princi-
pal components. The time frame used for the Cox regression
analyses was from birth until last follow-up. Linear regression
analyses were performed to assess the effect of blood group
on anthropometric measurements, hemodynamics, laboratory
measurements, longevity, and pulmonary function at baseline.
Linear regression analyses were adjusted for age at base-
line visit, sex, genotyping chip, and the first 30 principal com-
ponents. We considered a 2-sided £<2.19x10~* (F<0.05
divided by the number of independent tests, calculated using
the Galwey method, ie, 0.05/228) statistically significant for
all analyses.?® We tested for interactions between blood group
and risk factors of thrombosis (sex, body mass index, smok-
ing, cancer, oral contraceptive use, and menopause?®’) on the
outcome of thrombosis. We considered a P value of 0.05 as

Arterioscler Thromb Vasc Biol. 2020;40:830-838. DOI: 10.1161/ATVBAHA.119.313658
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Figure 2. Genetic determination of ABO blood groups.

statistical significant for interaction. All analyses were per-
formed using Stata version 15.

RESULTS

Population Characteristics

From the 502559 individuals with available genotype,
we included a total of 406755 individuals for the pres-
ent analyses (Figure 1). Participants with blood group
AB (n=15529 [3.7%)]) were excluded because of the
small sample size in comparison with blood groups O
(n=182621 [44.9%)]), A (n=182786 [44.9%]), and B
(n=41348 [10.2%]; Table 1). Overall, 187 387 (46%)
were male with a mean age of 57x8.1 years and a
median total exposure of 64 person-years (interquartile
range, 57-70). Baseline characteristics, including the
most common diseases in medical history and during
up to 7 years (median 6 years [interquartile range, 5-7])
of follow-up, are provided in Table 1. All-cause mortality,
cardiovascular mortality, and mortality due to cancer are
shown per age group of 5 years (Table 2).

Disease

The significant associations of the different blood
groups with 34 independent clinical outcomes and
23 linear traits are shown in Figures 3 and 4. The
prevalence rates of the clinical outcomes associated
with blood groups are shown in Table Il in the online-
only Data Supplement. Full details of the associations
are presented in Tables IV and V in the online-only
Data Supplement. Associations with blood group AB
are attached as supplementary information (Table VI
in the online-only Data Supplement). The observed

Arterioscler Thromb Vasc Biol. 2020;40:830-838. DOI: 10.1161/ATVBAHA.119.313658
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associations with traits and disease outcomes differed
per blood group and for combined non-0O blood groups,
that is, blood group A or B.

Individuals with non-O blood groups, that is, blood
group A or B, were at up to 1.6 times (OR, 1.56 [95%
Cl, 1.43-1.69)) higher risk of thromboembolic events,
compared with individuals with blood group O. They
had a nominally lower risk of gastrointestinal bleed-
ing compared with individuals with blood group O,
although not statistically significant (OR, 0.95 [95%
Cl1,0.91-0.99]). Non-0O blood groups were also associ-
ated with a lower risk of hypertension compared with
blood group O (OR, 0.97 [95% ClI, 0.95-0.98]; and OR,
0.94 [95% ClI, 0.92-0.97], for blood group A and B,
respectively; Figure 3).

Blood group A was associated with a higher risk of
heart failure (OR, 1.14 [95% CI, 1.07-1.21]), athero-
sclerosis (OR, 1.05 [95% ClI, 1.03-1.08]), hyperlipidemia
(OR, 1.09 [95% CI, 1.07-1.11]) compared with blood
group O (Figure 3). Additionally, blood group A was
associated with a higher risk of atopy (OR, 1.03 [95%
Cl, 1.01-1.04)] compared with blood group O. Com-
pared with blood group B, blood group A was associ-
ated with an increased risk of hyperlipidemia (OR, 1.08
[95% CI, 1.04-1.11]) and an increased risk of sleep
apnea (OR, 1.23 [95% ClI, 1.08-1.39]; Figure 3). There
was no appreciable change in risk associated with other
outcomes.

In addition to an increased risk of thromboembolic
diseases and hypertension, blood group B was associ-
ated with an increased risk of myocardial infarction in
comparison to blood group O (OR, 1.13 [95% Cl, 1.06—
1.20]; Figure 3).

No associations were observed between the different
blood groups and cancer.

The significant associations between ABO blood
group and diseases remained significant after cox
regression analysis (Table 3).

Healthy Aging

We investigated the association between blood groups
with cardiovascular and total health and found non-O
individuals had worse cardiovascular and total health
and reduced longevity compared with individuals with
blood group O (OR, 0.95 [95% CI, 0.92-0.97]; OR,
0.97 [95% CI, 0.96-0.99]; B, —0.03 [95% CI, —0.05
to —0.02]). More specifically, this was seen in individu-
als with blood group A compared with individuals with
blood group O (cardiovascular health: OR, 0.95 [95%
Cl, 0.93-0.97]; total health: OR, 0.97 [95% CI, 0.96—
0.99]; B, —0.03 [95% ClI, —0.05 to —0.02], respectively;
Tables Ill and IV in the online-only Data Supplement).
No differences in cardiovascular or total health, nor in
longevity were observed between blood group A and B
or between B and O.
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Table 1. Descriptive Statistics

ABO Blood Group, Health, and Disease

O (n=182621) A (n=182786) B (n=41348)
Male 84460 (46.2%) 83885 (45.9%) 19033 (46.0%)
Age, mean (SD), y 57.0 (8.1) 571 (8.1) 56.5 (8.2)
Years of exposure, median (IQR), y 64.3 (56.6-69.8) 64.5 (56.8-69.8) 63.6 (55.9-69.3)

Smoking behavior

Never or <100 cigarettes

100351 (56.4%)

100419 (56.4%)

23553 (58.6%)

Stopped >12 mo

57325 (32.2%)

57780 (32.5%)

12037 (29.9%)

Stopped <12 mo 888 (0.5%) 807 (0.5%) 207 (0.5%)
Active occasionally 4989 (2.8%) 4908 (2.8%) 1210 (3.0%)
Active daily 14351 (8.1%) 14061 (7.9%) 3196 (7.9%)
Body mass index, kg/m? 27.4 (4.8) 27.4 (4.8) 27.4 (4.86)

Hyperlipidemia

39189 (21.5%)

41633 (22.8%)

9188 (22.2%)

(
30311 (16.6%)

Statin use 32466 (17.8%) 7051 (17.1%)
Nonstatin lipid lowering medication 2217 (1.2%) 2402 (1.3%) 525 (1.3%)
Cholesterol, mmol/L 5.7 (1.1) 5.7 (1.2) 5.6 (1.1)
HDL, mmol/L 1.4 (0.4) 1.5 (0.4) 1.4 (0.4)
LDL, mmol/L 3.5 (0.9) 3.6 (0.9) 3.5 (0.9)
Triglycerides, mmol/L 1.5 (1.0-2.2) 1.5 (1.0-2.1) 1.5 (1.0-2.2)

HDL indicates high-density lipoprotein; IQR, interquartile range; and LDL, low-density lipoprotein.

Interactions of Blood Group and Risk Factors
for Thrombosis Diseases

We studied possible interactions between blood groups
and known risk factors for thrombosis (sex, body mass
index, smoking, cancer, oral contraceptives, and meno-
pause?’). A significant interaction was observed for sex
and blood group. Within blood groups A and B, men had
higher odds for developing thrombosis, deep vein throm-
bosis, and PE compared with men with blood group O
(Table VII in the online-only Data Supplement). Within
blood group A, individuals with a medical history of cancer
had lower odds for developing thrombosis, thromboembo-
lism, or PE, compared with individuals with blood group O.
A similar phenomenon was observed when blood groups
A and B were combined. Within blood group A, women
in menopause had lower odds for developing thrombo-
sis, deep vein thrombosis, thromboembolism, or PE com-
pared with women in menopause with blood group O.

DISCUSSION

In this large community-based population, we deter-
mined ABO blood group phenotypes based on inherited
allelic combinations and observed numerous associa-
tions between the ABO blood group system with healthy
aging and the development of a multitude of diseases.
The ABO blood groups were primarily associated with
cardiovascular outcomes. The present study observed
that individuals with blood group A and B were at higher
risk of developing thromboembolic diseases, but lower
risk of hypertension, when compared with O-group indi-
viduals. Individuals with blood group A were at higher risk

834  March 2020

of developing hyperlipidemia, atherosclerosis, and heart
failure compared with blood group O, whereas individu-
als with blood group B were at higher risk of myocardial
infarction compared with individuals with blood group O.
The observed differences suggest blood group-specific
approaches for the maintenance of human health and
the prevention and treatment of a multitude of diseases.

ABO and Disease

Our results are concordant with previous smaller observa-
tional reports suggesting an increased risk of thromboem-
bolic events in non-O blood group individuals compared to
individuals with blood group 0.2 In both blood groups A and
B, we observed similar increased risks of developing throm-
boembolic events compared with blood group O. Interest-
ingly, we did not observe the same effects on blood cell
characteristics between individuals with blood group A or B
compared to blood group O. Because thrombosis is a well-
balanced and complex process, which is affected by a pleth-
ora of factors, there could be different biological mechanisms
(ie, cell functionality, number of cell receptors) involved in the
increased risk of thromboembolic events in blood group A
and blood B individuals, besides the already established rela-
tion with VWF?® Molecular studies are necessary to further
unravel these differences between blood group A and blood
group B. Nevertheless, this study provides an elegant over-
view for future research possibilities. In addition, it might be
of interest to take sex differences into account because we
observed interactions between sex and blood groups in the
development of thromboembolic disease.

Our analyses indicated an increased risk of hyperlipid-
emia in individuals with blood group A compared to both

Arterioscler Thromb Vasc Biol. 2020;40:830-838. DOI: 10.1161/ATVBAHA.119.313658
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Table 2. Age-Adjusted Mortality Rates in Blood Group O, A, and B
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blood group O as well as blood group B, which is also in
line with previous studies. Earlier research has associated
blood group A with higher total cholesterol levels as well
as low-density lipoprotein cholesterol compared with both
blood groups B and 0.2° However, in a study including 6476
individuals with Asian backgrounds, cholesterol levels were
increased in individuals with blood group A or B compared
to blood group O but not higher in individuals with A com-
pared to B." The difference in outcomes between this study
in Asians and our study might be because of the larger
sample size of our study (66x larger). Whether epigenetic
factors play a role in these differences remains to be inves-
tigated. In addition, previous reports have also shown that
non-O blood group patients affected by familial hypercho-
lesterolemia were at a 2-fold increased risk of cardiovascu-
lar diseases compared with O blood group patients.®°

Interactions Between ABO Blood Group and
Risk Factors for Thromboembolic Diseases

The present study provides information on the sex dif-
ferential for thromboembolic diseases in the context of
ABO blood group in the general population. The interac-
tion between blood group and sex has been previously
observed in patients with persistent antiphospholipid
antibodies.®' We did not find an interaction with use of
contraceptive medication. This might be explained due
to the small number of women (<19%) still using contra-
ceptive medication in this group of middle-aged women
from the UK Biobank (median age when quitted oral
contraceptives was 30 years [interquartile range, 24-35
years). Of interest is the interaction between blood group
and cancer. Previous literature reported non-O blood
groups to be a risk factor for venous thromboembolism
in adult patients with malignant gliomas and children with
acute lymphoblastic leukemia.32® Also in the Longitudi-
nal Investigation of Thromboembolism Etiology study, an
increased risk of venous thromboembolism due to cancer
was observed in non-O individuals compared with indi-
viduals with blood group O.2* The present analyses add to
these previous findings, indicating individuals with blood
group O and a medical history of cancer had higher odds
of developing thrombosis, thromboembolism or PE com-
pared with blood group A or A + B combined. Although
the mechanism underlying the interaction between blood
group and cancer requires further research, the ABO
blood group might play a role in counseling, risk stratifi-
cation and thromboprophylaxis in individuals with cancer.

ABO and Healthy Aging

We also investigated whether specific blood groups were
associated with cardiovascular and total health. Individu-
als with blood group A had worse perspectives for healthy
aging compared with individuals with blood group O. No
associations were observed between blood group B
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versus O, suggesting the association may be specific for
blood group A and not non-O blood groups in general.
Another explanation could be the small sample size of
blood group B compared with blood group A and blood
group O. Our finding is in line with previous literature
and indicates potential implications for the maintenance
of health and prevention of diseases in different blood
groups within the ABO system.3* Individuals with blood
group A may benefit from early preventive interventions
to reduce their risk of poor cardiovascular or total health.

Strengths and Limitations

The major strengths of this study were the large sample
size, variety of examined traits and disease outcomes,
adjustment for multiple covariates, and the prospective
design of the UK Biobank. However, this study has some

ABO Blood Group, Health, and Disease

limitations. We excluded individuals with blood group AB
from our main analysis because of the relative large dif-
ference in sample size compared with blood group O, A,
and B. We included this information in the online-only
Supplement Data. Nevertheless, in contrast to previous
studies, we were able to study individuals with blood
groups A and B separately rather than only as a com-
bined non-O group. A second limitation was that we
were not able to take into account the possible role of
the Rhesus and other blood group systems, which could
provide other and more detailed insights. Furthermore,
we determined the ABO phenotype based on previously
reported SNP allele combinations, but because blood
group has not been determined in UK Biobank blood
samples, comparison of the genetically determined phe-
notype and laboratory determined phenotype was not
possible. The distribution of the ABO blood groups was,

E 3

-15 =5 5 15
Z-score

Avs. B

Bvs. O

Avs. O non-Ovs. O

Poor cardiovascular health

Atherosclerosis

Heart failure

Hyperlipidemia

Thromboembolism

Pulmonary Embolism

Thrombosis

Deep venous thrombosis

Poor health

Myocardial infarction

Hypertension

Figure 3. Heatmap of Z scores for
associations in UK Biobank with
blood group.

Odds ratios are provided for these
associations. Significant associations are
colored. Nonsignificant associations are
gray.
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Figure 4. Heatmap of Z scores for significant associations in
UK Biobank on linear outcomes in non-O vs O blood groups.
Standardized f3 are provided for these associations.

however, consistent with previously reported distribu-
tions in the United Kingdom.®¢

Finally, some data were self-reported and incident
cases of, for example, hypertension and diabetes mellitus
may have been missed if they were diagnosed and treated
in outpatient settings and not reported by the participant
during one of the follow-up visits at the UK Biobank
assessment center. However, any possible measurement
errors or misclassifications are likely biased towards the
null and would, therefore, underestimated the presented
risks associated with the ABO blood groups.

Future Perspectives

The differences between individuals with blood groups
A and B invite further studies on the pathophysiological
mechanisms underlying the increased risk of thrombo-
embolic diseases, as well as the associations with hyper-
lipidemia, atherosclerosis, myocardial infarction, and
heart failure.

Arterioscler Thromb Vasc Biol. 2020;40:830-838. DOI: 10.1161/ATVBAHA.119.313658
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Table 3. Cox Regression Analysis Between Blood Groups
and Significantly Associated Diseases (Based on Logistic
Regression Analysis)

‘ HR ‘ 95% CI P Value
Non-O vs O
Atherosclerosis 1.05 1.08-1.07 5.90x107°
Heart failure 1.10 1.04-1.16 4.16x107
Hypertension 0.97 0.96-0.98 2.10x1077
Hyperlipidemia 1.08 1.06-1.10 5.20x107"®
Myocardial infarction 1.08 1.05-1.12 4.03x10°°
Thrombosis 1.44 1.39-1.50 2.02x107%°
Deep venous thrombosis 1.561 1.44-1.59 5.29x107%¢
Pulmonary embolism 1.47 1.39-1.65 1.46x10~4
Thromboembolism 1.44 1.37-1.51 2.53x1074¢
Avs O
Atherosclerosis 1.05 1.03-1.07 3.47x10°
Heart failure 1.11 1.05-1.18 1.99x10™*
Hypertension 0.98 0.97-0.99 6.07x107°
Hyperlipidemia 1.09 1.07-1.12 3.08x107'°
Thrombosis 1.44 1.39-1.50 3.05x107%
Deep venous thrombosis 1.50 1.43-1.58 1.37x107°°
Pulmonary embolism 1.48 1.40-1.57 2.02x1072
Thromboembolism 1.44 1.37-1.52 7.28x107%
Bvs O
Hypertension 0.95 0.93-0.97 1.29x1077
Myocardial infarction 1.15 1.08-1.21 2.14x10°°
Thrombosis 1.45 1.37-1.54 1.68x107%*
Deep venous thrombosis 1.65 1.44-1.68 3.64x1072°
Pulmonary embolism 1.42 1.28-1.54 3.34x107"®
Thromboembolism 1.42 1.30-1.54 2.04x107'®
AvsB
Hyperlipidemia ‘ 1.08 ‘ 1.04-1.12 1.43x107°

HR indicates hazard ratio.

Conclusions

Our study identified connections between the ABO blood
group system with healthy aging and disease develop-
ment. The determination of ABO blood groups could
serve in blood group individualized approaches towards
health maintenance and prevention of diseases.
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