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Published: 17 February 2017 - ABO blood group, except its direct clinical implications for.transfu5|on and organ fcransplantatlon, is

. generally accepted as an effect factor for coronary heart disease, but the associations between ABO

blood group and congenital heart disease (CHD) are not coherent by previous reports. In this study, we
evaluated the the potential relationship between ABO blood group and CHD risk. In 39,042 consecutive
inpatients (19,795 CHD VS 19,247 controls), we used multivariable logistic regression to evaluate the
roles of ABO blood group, gender, and RH for CHD. The associations between ABO blood group and
CHD subgroups, were further evaluated using stratification analysis, adjusted by gender. A blood
group demonstrated decreased risk for isolated CHD (OR 0.82; 95% Cl, 0.78-0.87) in individuals with A
blood group in the overall cohort analysis, and the finding was consistently replicated in independent
subgroup analysis. ABO blood group may have a role for CHD, and this novel finding provides ABO blood
group as a possible marker for CHD, but more studies need to be done.

. The human histo-blood group ABO system is crucial for clinical transfusion and transplantation medicine.
: ABO blood group consists of four types: A, B, AB, and O, determined by three alleles at ABO genetic locus'. A
. and B alleles encode A and B transferases, respectively, which transfer an N-acetylgalactosamine (GalNAc) or
- agalactose (Gal) to H substances. O allele encodes a truncated protein deprived of glycosyltransferase activity,
. which is triggered by a single nucleotide deletion (A261) in exon 62. Glycosylation is one of the most common
. post-translational modifications mediated by enzymes, and it plays important roles in cellular communication

during cell differentiation and development. Except the direct clinical implications for transfusion and organ

transplantation compatibility, it is being increasingly recognized that ABO blood group allele is associated with
. risk of venous thromboembolic events, myocardial infarction, cerebrovascular ischemic events and coronary
. heart disease®, individuals with non-O blood groups being at a elevated risk compared to O blood group.

Congenital heart disease (CHD) defines a series of structural and functional defects of heart and great vessels
arising during embryogenesis. CHD is the most common type of congenital disorder in newborns and accounts
for one third of congenital anomalies*. International Classification of Disease codes®, ICD-10 lists the currently
identified congenital heart defect subgroups, which designates specific anatomic or hemodynamic lesions.

CHD is often partitioned into isolated CHD and syndromic CHD. Isolated CHD occurs as an isolated defect
(single or complex defect confined to the cardiovascular system), while syndromic CHD is characterized by heart
defect combined with multiple malformations of other organ systems (e.g. neurodevelopmental, genitourinary,
or immune system). Down syndrome is the most common developmental syndrome with prominent CHD phe-
notypes by chromosomal anomaly®, and about 40-50% of Down syndrome patients have a heart defect, such as
complete atrioventricular canal defect (CAVC). Recent studies have elucidated that isolated CHD and syndromic
CHD are triggered by different genetic and epigenetic mechanisms, respectively®. Thus, these two groups should
not be compressed into one for analysis.

: In 1969, Brendemoen first reported an excess of A blood group among Norway ventricular septal defect

. patients’, however, available reports failed to provide a coherent picture of the association between ABO blood
group and CHD risk®’. In order to clarify these issues, we utilized a large cohort consisting of 39,042 subjects to
investigate the potential relationships between ABO blood group and CHD risk.
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No. subjects, N (% of total) 19247 (49.3) 19795 (50.7)
Female, N (%) 7728 (40.2) 8750 (44.2)
Age at study entry, N (%)
<1years 8619 9260
1-3 years 3411 5228
>3 years 7217 5307
Mean age, years (IQR) 1.8 (0.06-5) 1.8 (0.04-3)
ABO blood group, N (%)
A 5962 (31.0) 5375 (27.2)
AB 1742 9.1) 1961 9.9)
B 5400 (28.1) 5731 (29.0)
o 6143 (31.9) 6728 (34.0)
Rhesus antigen positivity, N (%) 19158 (99.5) 19723 (99.6)
classification of CHD, N (%)
isolated CHD NA 19479 (98.4)
syndromic CHD NA 316 (1.6)

Table 1. Characteristics of study population. CHD, congenital heart disease; IQR, interquartile range; NA,
not avaiable.

isolated CHD 5284 | 0.82(0.78-0.87) | 5647 | 0.97 (0.92-1.02) | 1938 | 1.04 (0.96-1.11) | 6610 | 1.00 (ref) | 0.81(0.84-0.88) | 1.25(0.92-1.71)

syndromic CHD 91 | 0.80(0.60-1.05) | 84 | 0.81(0.61-1.07) | 23 | 0.69(0.44-1.08) | 118 1.00 (ref) 0.97 (0.78-1.22) | 1.45(0.20-10.43)

Table 2. Risk of congenital heart disease in relation to blood group. CHD, congenital heart disease.

Results

Baseline characteristics of CHD patients and CHD-free controls.  Basic characteristics of the population
included in our study are presented in Table 1 (duplicated records of the same person identity being excluded for
quality control). A total of 39,042 subjects (19,795 CHD VS 19,247 control) were included in the analysis, of whom
42.2% (n=16,478) were females. The median age of the two groups at entry were both 1.8 years, and the Wilcoxon
rank-sum test did not show any statistically significant difference between non-CHD and CHD groups (p=0.054).

ABO blood group and CHD risk. The analysis of 19,795 CHD included 13,067 individuals with non-O
blood groups (5,375 for A, 5,731 for B, and 1,961 for AB) and 6,728 with O blood group. Based on precise diagno-
sis, 19,479 isolated CHD and 316 syndromic CHD were included. As shown in Table 2, no significant association
for Rh positivity was found in patients with isolated CHD or syndromic CHD, when compared to the control
population (p = 0.16). Moreover, neither ABO blood group nor gender was statistically significantly associated
with syndromic CHD (p > 0.05). However, a significantly low odds ratio between A blood group with isolated
CHD was observed, an OR of 0.82 (95% CI, 0.78-0.87) in individuals with A blood group compared to O blood
group. Similarly, the analyses also suggested the gender influence the risk of isolated CHD, with lower OR in men
(p <0.001).

ABO blood group and risk of isolated CHD subgroups. Further analyses of isolated CHD subgroups
also revealed decreased risks for persons with A blood group. A consistent pattern was observed among all of
the main isolated CHD subgroups (VSD, OR 0.78, p < 0.001; ASD, OR 0.82, p < 0.001; PDA, OR 0.81, p < 0.001;
TOEF, OR 0.84, p=10.009; PA, OR 0.84, p=0.036; DORYV, OR 0.76, p=0.003; TGA, OR 0.72, p=10.001; COA, OR
0.71, p=0.001), with relatively lower odds ratios for individuals with A blood group compared to those with O
blood group (Table 3). However, no similar association for AB or B blood group was found in CHD subgroups
(p>0.05), except TOF subgroup. The risk patterns were largely similar across the subgroups, except somewhat
higher ORs of AB blood group (OR 1.45; 95% CI, 1.23-1.71) and B blood group (OR 1.18; 95% CI, 1.04-1.33) for
TOF subgroup.

Gender demonstrated a significant interaction for isolated CHD in both the overall and stratified analy-
sis. For VSD, ASD and PDA subgroups, males exhibited lower risks (VSD, OR 0.94, p =0.025; ASD, OR 0.70,
p <0.001; PDA, OR 0.62, p < 0.001). In contrast, males exhibited a higher risk for TGA subgroup (OR 1.61; 95%
CI, 1.37-1.90).
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VSD

Overall 2425 | 0.78 (0.73-0.83) | 2818 | 1.00 (0.94-1.07) | 964 | 1.06(0.97-1.16) | 3192 | 1.00 (ref)
Male 1414 | 0.79(0.73-0.86) | 1667 | 1.03(0.96-1.11) | 574 | 1.10(0.99-1.23) | 1840 | 1.00 (ref)
Female 1011 | 0.77(0.70-0.84) | 1151 | 0.97 (0.89-1.06) | 390 | 1.02(0.90-1.15) | 1352 | 1.00 (ref)
ASD

Overall 1698 | 0.82(0.76-0.88) | 1825 | 0.97(0.90-1.05) | 643 | 1.06(0.96-1.18) | 2134 | 1.00 (ref)
Male 858 | 0.82(0.74-0.90) | 929 | 0.98(0.89-1.08) | 341 | 1.11(0.98-1.27) | 1079 | 1.00 (ref)
Female 840 | 0.82(0.74-0.90) | 896 | 0.97 (0.88-1.06) | 302 | 1.00(0.88-1.16) | 1055 | 1.00 (ref)
PDA

Overall 838 | 0.81(0.73-0.89) | 905 | 0.97(0.88-1.06) | 302 | 1.00(0.87-1.15) | 1066 | 1.00 (ref)
Male 376 | 0.77(0.67-0.89) | 472 | 1.07(0.94-1.22) | 143 | 1.00(0.83-1.22) | 501 1.00 (ref)
Female 462 | 0.84(0.74-0.96) | 433 | 0.87(0.77-0.99) | 159 | 0.99(0.83-1.19) | 565 1.00 (ref)
TOF

Overall 431 | 0.84(0.73-0.96) | 548 | 1.18(1.04-1.33) | 218 | 1.45(1.23-1.71) | 530 1.00 (ref)
Male 254 | 0.77(0.65-0.90) | 332 | 1.10(0.95-1.29) | 139 | 1.43(1.17-1.76) | 342 1.00 (ref)
Female 177 10.97(0.79-1.19) | 216 | 1.31(1.07-1.59) | 79 | 1.48(1.13-1.94) | 188 1.00 (ref)
PA

Overall 271 | 0.84(0.71-0.99) | 285 |0.97(0.83-1.15) | 108 | 1.14(0.91-1.43) | 333 1.00 (ref)
Male 152 | 0.77(0.62-0.95) | 193 | 1.08(0.89-1.32) | 56 | 0.97(0.72-1.31) | 203 1.00 (ref)
Female 119 |094(0.73-1.21) | 92 | 0.81(0.61-1.05) | 52 | 1.41(1.02-1.95) | 130 1.00 (ref)
DORV

Overall 215 | 0.76 (0.64-0.91) | 224 | 0.88(0.73-1.05) | 83 | 1.00(0.78-1.29) | 291 1.00 (ref)
Male 136 | 0.77(0.62-0.97) | 139 |0.87(0.70-1.09) | 54 | 1.05(0.77-1.43) | 181 1.00 (ref)
Female 79 | 0.74(0.55-0.99) | 85 |0.88(0.66-1.17) | 29 | 0.93(0.62-1.40) | 110 1.00 (ref)
TGA

Overall 175 | 0.72(0.59-0.88) | 205 |0.93(0.77-1.13) | 82 | 1.16(0.90-1.49) | 250 1.00 (ref)
Male 116 | 0.68(0.53-0.86) | 150 |0.97(0.77-120) | 60 | 1.20(0.89-1.60) | 177 1.00 (ref)
Female 59 | 0.83(0.59-1.18) | 55 | 0.86(0.60-122) | 22 | 1.06(0.66-1.72) | 73 1.00 (ref)
COA

Overall 172 | 0.71(0.58-0.87) | 196 |0.90(0.74-1.08) | 72 | 1.02(0.78-1.33) | 249 1.00 (ref)
Male 112 |0.72(057-0.92) | 117 |0.83(0.65-1.06) | 47 | 1.04(0.75-1.44) | 160 1.00 (ref)
Female 60 |0.69(0.50-097) | 79 | 1.00(0.74-1.37) | 25 | 0.99(0.63-1.55) | 89 1.00 (ref)

Table 3. Risk of isolated congenital heart disease subgroups in relation to blood group, presented overall
and stratified by sex. VSD, ventriculap septal defect; ASD, atrial septal defect; PDA, patent ductus arteriosus;
TOE, tetralogy of Fallot; PA, pulmonary atresia; DORV, double outlet right ventricle; TGA, transposition of the
great arteries; COA, coarctation of aorta.

Discussion

Using a large cohort comprising 39,042 subjects (19,795 CHD VS 19,247 control), we were able to show that
individuals with A blood group are at decreased risk of isolated CHD, compared to individuals with non-A blood
group, and gender also demonstrated a significant interaction for isolated CHD.

Congenital heart disease, defined as structural and functional defects that arise during cardiac embryogenesis,
triggered by genetic anomalies, environmental teratogens, maternal exposures and infectious agents!®!!. Several
studies explored the association between ABO blood type and CHD’-®. Since the exact pathophysiological mech-
anisms of most congenital cardiac disease remains to be unknown nowadays, it would be of value to demonstrate
whether relationships between CHD and ABO blood phenotypes exist and whether the relationshipas further
could be a potential marker for clinical prevention. However, the results of these previous reports were inconsist-
ent, the conflicted findings of which may be largely due to the small sample sizes of these studies, but may also
reflect genetic drift in natural selection for different populations. Our study has several important strengths. To
our knowledge, It is by far the first study ever to have investigated the association between ABO blood group and
CHD risk in such a large, well-defined cohort. Furthermore, the complete data from clinical data repository of the
hospital, for transfusion management, ensured the reliability of the study.

Although the mechanism underlying the relationship between blood type and CHD is unknown, there are
several possible explanations. The ABO gene locus is located on chromosome 9q34, and the gene products of
the ABO system are glycotransferases with GalNAc (A)/Gal (B) specificity, which catalyze the transfer of car-
bohydrates to the H antigen, a precursor of ABO antigens. NOTCH1 and EHMT1, which are located on chro-
mosome 9q34 near the ABO locus, play crucial roles in cardiovascular development'?*. NOTCH1 functions in
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the development of the semilunar valves and cardiac outflow tract, and deletion of EHMT1 manifests distinct
features of 9q subtelomeric deletion syndrome or Kleefstra syndrome. Genetic inheritance may help explain
the relationship between ABO blood type and CHD". If multi-allelic SNPs, indels, and a diverse set of struc-
tural variants occur to NOTCH1 and EHMTT1 loci of the haplotype at the stage of meiosis, significant asso-
ciations could be detected between ABO allele frequencies and CHD for the local linkage disequilibrium of
9q34. Additionally, Hh signaling activation is positively associated with cardiac development'®, and GALNT1
(N-acetylgalactosaminyltransferases1) mediated O-linked glycosylation of Shh serves as an essential process for
its activation'”. Thus, CHD risk could be decreased, while the biological activities of GALNT1 is altered by gly-
cotransferases of A allele by competitive inhibition.

Our findings are less likely to be false positive because of consistent replications in overall cohort analysis and
independent subgroup analysis. Also, inclusion and exclusion criteria for the case-control study were performed
to minimize bias. In interpreting the results, some limitations of this study should be addressed. First, the study
was performed just in chinese population. Though the included patients being from across the country, selection
pressures cause diversified distribution of ABO genotype across different ethnic groups and different countries,
thus larger studies covering multi-racial participants might provide more definitive conclusions to clarify the
possible role of ABO. Second, 381 ABO alleles are reported in the Blood Group Antigen Gene Mutation Database
(BGMUT, http://www.ncbi.nlm.nih.gov/projects/gv/rbc), which constitutes a great many ABO subtypes (e.g. Al,
A2, A3, Aw, Ax, Ael). The included participants of the study were identified and classified by A, B, AB, and O
blood group, and the data were analyzed in the heterogeneous mixture of ABO subtype. Further studies should
include ABO subtype to investigate the association between ABO subtype and CHD, which may provide more
precise value and reliable data.

Here by with this study, we confirmed that ABO blood group might be associated with isolated CHD risk,
what’s more, gender demonstrates a significant interaction for CHD. Given that A blood group confer an overall
decreased risk to all the main isolated CHD subgroups (VSD, ASD, PDA, TOE, PA, DORV, TGA, COA), ABO
blood group may have a role in CHD risk and could potentially be added to available clinical prediction systems.
This novel finding provides a potential mechanistic insight into the pathogenesis of CHD. However, studies with
larger sample sizes covering multi-races should be further conducted to investigate its clinical utility in the future.

Methods
Study population. Data for this study were collected from Shanghai Children’s Medical Center, Shanghai
Jiao Tong University School of Medicine. The included subjects of the study were all the consecutive and eligible
inpatients with identified ABO blood group and newly diagnosed with established disease (CHD or other dis-
eases) in Shanghai Children’s Medical Center, registered between March 2010 and May 2016. Major exclusion
criteria for the study were as follows: inpatients with no established diagnosis, detailed medical history or ABO
type; inpatients with tumor, leukemia or organ transplantation record (these factors can alter ABO phenotype at
different stages of disease'®-%!); duplicated electronic records.

Informed consent was obtained from all subjects. All experimental protocols were approved by the Ethics
Committee of the Shanghai Children’s Medical Center and carried out in accordance with relevant guidelines.

Study design. The primary objective was to analyze the association between ABO blood group and risk of
CHD and CHD subgroups. Congenital heart defects generally are diagnosed by physical exam, echocardiography,
electrocardiogram, chest x-ray, pulse oximetry and cardiac catheterization?’. We used International Classification
of Diseases, 10th version (ICD-10) diagnosis codes (Q20-Q28) to classify CHD anatomic subgroups. ABO blood
group of the individual was confirmed by standard serological techniques and genotyping.

Statistical analysis. A logistic stepwise regression analysis was used to assess the frequencies in gender
and RH between the cases and the CHD-free controls. A Wilcoxon rank-sum (Mann-Whitney) test was used to
compare the age of two groups. The associations between ABO blood group and CHD subtypes, were evaluated
using unconditional logistic regression analysis. All statistical calculations were performed with STATA 12.0 for
Windows (Chicago, IL). A p value of <0.05 was considered statistically significant.
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