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Introduction: Studies have been performed to identify the association between ABO blood groups and coronary
artery disease. However, data is scarce about the impact of ABO blood groups on heart rupture (HR) after acute myo-

Methods: We conducted a retrospective case—control study that included 61 consecutive patients with HR after
AMI during a period from 1 January 2012 to 1 December 2019. The controls included 600 patients who were selected
randomly from 8143 AMI patients without HR in a ratio of 1:10. Univariate and multivariate logistic regression analysis
were used to identify the association between ABO blood groups and HR.

Results: Patients with blood group A had a greater risk of HR after AMI than those with non-A blood groups (12.35%
vs 7.42%, P<0.001). After adjusting for age, gender, heart rate at admission, body mass index (BMI), and systolic blood
pressure (SBP), blood group A was independently related to the increased risk of HR after AMI (OR=2.781, 95% Cl

1.174-7.198, P=0.035), and remained as an independent risk factor of HR after AMI in different multivariate regression

Conclusion: Blood group A is significantly associated with increased HR risk after AMI.
Keywords: ABO blood groups, Coronary artery disease, Heart rupture, Acute myocardial infarction, Percutaneous

Introduction

Heart rupture (HR) was one of the fatal complications
after acute myocardial infarction (AMI) though its inci-
dence decreased dramatically in reperfusion era nowa-
days [1-3]. HR was specified as free wall rupture (FWR),
ventricular septal rupture (VSR) and papillary muscle
rupture (PMR). In the pre-perfusion time, the inci-
dence of FWR was about 2-6%, accounting for up to
30% of the in-hospital death after AMI [3-5]. VSR hap-
pened in approximately 1-3% AMI population before the
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reperfusion time, with 45% and 90% death rates each for
surgical and conservative treatment [6—8]. PMR often
causes mitral regurgitation (MR) and present in<1%
of AMI patients who undergo early revascularization
according to recent data [9]. Several previous studies
have verified the association between blood group A and
the increased risk of vascular diseases including coronary
artery disease (CAD) [10—-15]. Non-O blood groups were
also determined to be a significant prognostic indicator
of poor prognosis in AMI patients [16—18]. However,
there is scarce or even no data about the impact of ABO
blood groups on the risk of HR after AMI. Therefore, we
conducted a retrospective case—control study to inves-
tigate whether there is a potential connection between
ABO blood groups and the risk of HR after AMIL.
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Methods

Patient population and study design

We retrospectively analyzed 61 consecutive patients
with HR after AMI referred to Beijing Chao-Yang Hos-
pital from 1 January 2012 to 31 December 2019. The
controls included 600 patients who were selected ran-
domly from 8143 AMI patients without HR in a ratio
of 1:10 (n =610 after excluding 10 cases with an incom-
plete record, Fig. 1). HR was specified as FWR, VSR
and PMR.

AMI was classified as ST-segment elevation myocar-
dial infarction (STEMI) and non- ST-segment elevation
myocardial infarction (NSTEMI), the diagnostic crite-
ria refer to our previous study [19].

FWR was defined as: (1) echo-free space can be seen
on echocardiography in patients with sudden cardio-
genic shock, low blood pressure or indistinct conscious-
ness; (2) Sudden cardiac shock, low blood pressure or
indistinct consciousness that associated with massive
pericardial effusion confirmed by pericardiocentesis
[20]. VSR was characterized by: (1) abnormal physical
examination findings such as cardiac systolic murmur
and cardiac tremor; (2) Ventricular septal discontinuity
can be seen on echocardiography [21]. The diagnostic
criteria of PMR were as follows: (1) abnormal physical
examination findings such as new systolic murmur; (2)
Echocardiography shows a mobile mass in either the
left atrium or ventricle; (3) flail or ruptured chordae
with an abnormal-looking papillary muscle [9].

All AMI patients (n=8143)

| l

Subjects without HR
(n=8082)

l

Cases
AMI with HR (n=61)

Controls .
) Random selection at a
AMI without TM ratio of 1:10 (n=610)
(n=600)

l

10 subjects excluded

due to incomplete data

Fig. 1 A schematic diagram of the selection of cases and controls
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Data collection
Anthropometric measurements and data collection
The demographics, medical and family history, height,
weight, status of medications and smoking data were col-
lected upon admission. Estimated glomerular filtration
rate (eGFR) was calculated by using Modification of Diet
in Renal Disease (MDRD) formula (Chinese version) [22].
The Global Registry of Acute Coronary Events risk
score (GRACE RS) is developed for risk stratification in
acute coronary syndromes (ACS) patients. It is calcu-
lated from several variables: age, history of myocardial
infarction, history of heart failure, systolic blood pressure
(SBP), heart rate and serum creatinine level at admission,
ST-segment depression, elevated myocardial necrosis
markers or enzymes, and lack of percutaneous coronary
revascularization during admission [23-25].

Laboratory parameters

Blood samples were collected in the emergency room
before any therapies and analyzed by Dimension RxL
Max " automated analyzer (Dimension, USA). Automatic
analyzer Hitachi 7600 (Hitachi, Japan) was used for bio-
chemical variables measurement. All parameters were
tested by using blood serum.

Statistical analysis

All statistical analyses were conducted using SPSS 24.0
(IBM Corp, Armonk, NY). Kolmogorov—Smirnov test
was used to test the normal distribution of continu-
ous variables. Normally-distributed data are expressed
as mean=+SD, and analyzed by Student’s t-test. Non
normally-distributed variables are presented as median
(interquartile range), and analyzed by Mann—Whitney
U test. Dichotomous variables were presented as fre-
quencies and percentages, analyzed with Pearson’s chi-
squared test. The analysis of variance (ANOVA) test was
used to examine the distribution of HR events in each
blood group. Univariable analysis was used to identify
the risk factors for HR. The potential association between
ABO blood groups and HR after AMI was identified
by multivariate logistic regression analysis. A 2-sided
P<0.05 was considered statistically significant.

Results

General characteristics

A total of 661 AMI patients (68.53% male) were included
in data analyses (Table 1). Selection of all participants
is shown in Fig. 1. 61 patients developed HR (0.75%)
after AMI: 40 FWR (0.49%), 15 VSR (0.18%) and 6
PMR (0.07%). The mean observational time of HR after
AMI was 2.72 days (VSR=3.22 days, FWR=2.57 days,
PMR =1.49 days). 21 FWR (52.5%), 7 VSR (46.67%) and
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Table 1 Baseline characteristics of the study population
Variables FWR patients VSR patients PMR patients HR patients Non-HR patients Pvalue (HR
(n=40) (n=15) (n=6) (n=61) (n=600) vs Non-HR)
Age, years 76594548 74364424 74.18+5.02 75564512 66.18£6.63 <0.001
Male, n (%) 16 (40) 7 (46.67) 3(50) 26 (42.62) 427 (71.17) <0.001
HT, n (%) 27 (67.5) 9 (60) 3(50) 39(63.93) 420 (70) 0.571
DM, n (%) 9(22.5) 4(26.67) 2(3333) 15(24.59) 145 (24.17) 0433
CHF, n (%) 2(5) 1(6.67) 1(16.67) 4 (6.56) 25(4.17) 0.81
History of M, n (%) 3(7.5) 3(20) 1(16.67) 7(11.48) 65 (10.83) 0917
History of CAD, n (%) 6 (15) 4(26.67) 2(3333) 12 (19.67) 115(19.17) 0.743
History of PCl,n (%) 3 (7.5) 2(13.33) 1(16.67) 6(9.84) 83 (13.83) 0.383
History of CABG, 1(2.5) 1(6.67) 0(0) 2(3.28) 13(2.17) 0419
n (%)
Current smoker, n (%) 21 (52.5) 8(5333) 3(50) 32 (52.46) 352 (58.67) 0518
BMI, kg/m2 23.72+£3.14 23444338 2337+£3.04 2351£32 2636+343 <0.001
Time from symptom 22 (8,68) 72 (12,160) 18 (4,50) 26 (9.8,94) 22 (8,98) 0.021
onset to admission
(h)
STEMI, n (%) 31(77.5) 1(73.33) 4(66.67) 46 (75.41) 391 (65.17) 0.079
Anterior M, n (%) 20 (50) 7 (46.67) 2(33.33) 29 (47.54) 306 (51) 0.702
Heart rate, bpm 95.66+16.72 104.21£19.15 98.81£20.04 99.33+£1947 74.82+16.2 <0.001
SBP, mmHg 11447 +£22.54 109.23+21.24 109.7320.94 111.034+24.1 127.17+£23.08 0.045
KILLIP class
KILLIP 1, n (%) 8(20) 1(6.67) 0(0) 9(16.36) 338(56.33) <0.001
KILLIP 11, n (%) 20 (50) 9 (60) 2(33.33) 31(50.82) 201 (33.5) <0.001
KILLIP 111, n (%) 6(15) 3(20) 3(50) 12 (19.67) 35(5.83) 0.002
KILLIP IV, n (%) 6(15) 2(13.3) 1(16.67) 9(14.75) 26 (4.33) 0.025
B-RB within 24 h, 12 (30) 6 (40) 2(33.33) 20(32.79) 303 (50.5) 0.071
n (%)
ACEI/ARB within 3(7.5) 1(6.67) 1(16.67) 5(8.2) 71(11.83) 0314
24 h, n (%)
ESR, mm/h 24.28+18.78 43714297 37442271 31.14+£2348 1215£13.02 0.012
HBA1C, % 6.53+1.01 6.39+1.26 647+£1.11 644+1.1 6.36+0.98 0.102
BNP (pg/ml) 538.3+£304.63 102548 £406.22 849.064+392.8 772.334£368.09 27478 £146.53 <0.001
WBC, *10%/L 12.234+4.79 11.644+4.23 12014+4.49 1211+£4.62 9.66+3.27 <0.001
RBC, *10'%/L 4.06£0.48 3924051 3994044 401£039 4364052 0.008
Hb, g/L 123.88+14.19 12043 4+17.15 119.194+16.2 12147 +£15.88 1324841749 0.007
D-dimer,mg/LFEU  1.394+141 1.89+1.46 137£15 1444133 1.01£229 0.119
CK-MB, ng/ml 59.1(11.74,158.55) 34.7 (641,132.2) 42.21(5.29,139.66) 48.18 (7.25,151.77) 19.54 (4.07,79.41) 0.009
CTnl, ng/ml 32.55(6.71,59.7) 849 (547,31.86) 11.23 (4.78,36.7) 2261 (6.17,44.42) 9.18(2.73,38.22) 0.014
LDL, mmol/L 254095 2724081 2.524+0.82 2.55+0.95 2.57+0.88 0.933
SCR, umol/L 10048 +51.82 118.63 +£44.29 104.224+489 104.4+£48.7 9144506 0217
eGFZR, ml/min/1.73 69.01£30.18 5323+£2142 62314264 62.894253 82374311 0.001
m
SUA, umol/L 329.8+7542 384.73+97.18 352414793 34639+85.75 337.1+£97.28 0.525
ABO
A n (%) 21(52.5) 6 (40) 3(50) 30 (49.18) 213 (35.5) 0.012
B, n (%) 11(27.5) 5(33.33) 2(33.33) 18 (29.51) 227 (37.83) 0213
O, n (%) 6(15) 3(20) 1(16.67) 10 (16.39) 116 (19.33) 0.775
AB, n (%) 2(5) 1(6.67) 0(0) 3(4.92) 44(7.33) 0.841
LVEDd, mm 483+949 4924+7.08 48414748 48554£8091 4836451 0.803
LVESd, mm 3827+£10.16 36.76£824 37.01+£879 3747+£97 3576£7.12 0.389
LVEF (%) 48.124+9.29 48.154+10.57 47.78+8.82 48.14410.28 58.1949.92 <0.001
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Table 1 (continued)

Variables FWR patients VSR patients PMR patients HR patients Non-HR patients Pvalue (HR
(n=40) (n=15) (n=6) (n=61) (n=600) vs Non-HR)

GRACE RS 197.29+£39.41 211.224+40.19 201443852 200.124+41.73 161+315 <0.001

Primary PCl treat- 14 (35) 4 (26.67) 3(50) 21 (34.43) 416 (69.33) <0.001

ment, n (%)
In-hospital mortality, 38 (95) 10 (66.67) 2(33.33) 50(81.97) 25 (4.17) <0.001

n (%)

Data are number (%), mean (SD), or median (IQR)

FWR, free wall rupture; VSR, ventricular septal rupture; PMR, papillary muscle rupture; HT, hypertension; DM, diabetes mellitus; CHF, chronic heart failure; TIA, transient
ischemic attack; MI, myocardial infarction; CAD, coronary artery disease; PCl, percutaneous coronary intervention; CABG, coronary artery bypass grafting; AF, atrial
fibrillation; BMI, body mass index; STEMI, ST-segment elevation myocardial infarction; SBP, systolic blood pressure; 3-RB, B-receptor blocker; ACEI, angiotensin-
converting enzyme inhibitor; ARB, agiotensin Receptor Blocker; ESR, erythrocyte sedimentation rate; HBA1C. glycosylated hemoglobin; BNP, brain natriuretic
peptide; WBC, white blood cell; RBC, red blood cell; Hb, haemoglobin; CK-MB, creatine kinase MB; CTnl, cardiac troponin I; LDL-C, low-density lipoprotein cholesterol;
SCR, serum creatinine; eGFR, estimated glomerular filtration rate; SUA, serum uric acid; LVEDd, left ventricular end-diastolic dimension; LVESd, left ventricular end-
systolic dimension; LVEF, left ventricular ejection fraction; GRACE RS, The Global Registry of Acute Coronary Events risk score; pPCl, primary percutaneous coronary

intervention

4 PMR (66.67%) developed within 24 h after symptoms
onset (Table 2). 5 FWR (12.5%), 4 VSR (26.67%) and
1 PMR (16.67%) occurred before admission. 38 FWR
(95%), 10 VSR (66.67%) and 2 PMR (33.33%) died dur-
ing hospitalization. 437 AMI patients (66.11%) received
primary percutaneous coronary intervention (pPCI)
treatment and no patients received thrombolytic therapy
or emergency coronary artery bypass grafting (CABG).
Baseline characteristics of relevant patients are shown in
Table 1. Compared with non-HR patients, HR patients
presented more frequently with older age, female, longer
time from symptom onset to admission, blood group A,
higher HR at admission, KILLIP class, brain natriuretic
peptide (BNP), white blood cell (WBC), erythrocyte sedi-
mentation rate (ESR), CTNI, creatine kinase MB (CK-
MB), the GRACE RS and in-hospital mortality (P<0.05
versus non-HR patients for all measures). HR patients
had significantly lower BMI, red blood cell (RBC), hemo-
globin (Hb), left ventricular ejection fraction (LVEEF),
estimated glomerular filtration rate (eGFR), and less pos-
sible to receive pPCI treatment (P<0.05 versus non-HR
patients for all measures).

ABO blood groups and HR

Blood group B was most common (37.07%), fol-
lowed by blood group A (36.76%), O (19.06%), and AB
(7.11%) (Table 3). The frequency of blood group A was

Table 2 Time from AMI onset to HR

significantly higher in HR patients (49.18% vs. 35.5%
in non-TM group, P=0.012, Table 1). However, in the
ANOVA test, HR events did not differ from 4 other blood
groups (F=2.086, P=0.105). In multivariate logistic
regression analysis, compared to non-A blood groups,
blood group A remained an independent predictor for
HR after AMI, after the adjustment for anthropomet-
ric variables such as age, gender, heart rate at admis-
sion, BMI and SBP (OR=2.781, 95% CI 1.174-7.198,
P=0.035, Table 4 model 1). The association between
blood group A and an elevated risk of HR after AMI was
also observed in different multivariate regression models
(P<0.05, Table 4).

Discussion

In the present study, A significant association was
observed between blood group A and an increased risk of
HR after AM]I, in both univariate and multivariate analy-
ses. As far as we know, this is the first study to reveal that
blood group A is an independent risk factor for HR in
Chinese AMI patients.

HR was still one of the most serious complications after
AMI, even with the worldwide use of PCI or some other
modern therapies [1-3, 26]. In the pre- reperfusion era,
HR occurred in about 6% of all admitted AMI patients [2,
5].

Variables Total (n=61) <24h(n=32) 2-3 days (n=38) 4-6 days (n=18) >7days (n=3)
FWR, n (%) 40 21 (52.5) 5(12.5) 12 (30) 2(5)

VSR, n (%) 15 7 (46.67) 2(13.33) 5(33.33) 1(6.67)

PMR, n (%) 6 4 (66.67) 1(16.67) 1(16.67) 0(0)

AMI, acute myocardial infarction; HR, heart rupture; FWR, free wall rupture; VSR, ventricular septal rupture; PMR, papillary muscle rupture
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Variables A (n=243) B (n=245) O0(n=126) AB (n=47) P (A vs non-A)
Age, years 70.7£10.03 67.76 £9.56 69.68 £ 8.68 69.77 £9.08 0.952
Male, n (%) 166 (68.3) 178 (72.65) 78 (61.9) 31 (65.96) 0.696
HT, n (%) 168 (69.14) 173 (70.61) 83 (65.87) 35(74.47) 0.88
DM, n (%) 66 (27.16) 71(28.98) 16 (12.7) 7(14.89) 0.645
CHF, n (%) 10 (4.12) 10 (4.08) 6 (4.76) 3(6.38) 0.355
History of MI, n (%) 26 (10.7) 30(12.24) 12(9.52) 4(851) 0.581
History of CAD, n (%) 45 (18.52) 53(21.63) 21(16.67) 8(17.02) 0.814
History of PCI, n (%) 35(144) 37(15.1) 12(9.52) 5(10.64) 0.88
History of CABG, n (%) 6(2.47) 6 (2.45) 2(1.59) 1(2.13) 0.661
Current smoker, n (%) 144 (59.26) 152 (62.04) 58 (46.03) 30 (63.83) 0574
BMI, kg/m? 2555+£3.76 24.25+£3.27 2452+2.58 2539+3.96 0.159
Symptom onset time (h) 3892+4582 2852+43.67 33.61+£47.55 38544727 0.762
STEMI, n (%) 165 (67.9) 174(71.02) 69 (54.76) 29(61.7) 0.382
Anterior MI, n (%) 122 (50.21) 131 (53.47) 59 (46.83) 23 (48.94)
Heart rate, bpm 82.93£18.56 8091+ 1539 8043 £19.96 73231254 0401
SBP. mmHg 1273342555 123.88+23.06 1255742351 12846 420.68 0.609
DBP, mmHg 71.06+£1295 7338+11.75 7532+11.26 69.85+9.65 0.505
KILLIP class
KILLIP I, n (%) 128 (52.67) 129 (52.65) 63 (50) 27 (57.45) 0.371
KILLIP I, n (%) 85 (34.98) 88 (35.92) 46 (36.51) 13 (26.66) 0.296
KILLIP 111, n (%) 17 (7) 18 (7.35) 9(7.14) 3(6.39) 0.682
KILLIP IV, n (%) 13(5.35) 10 (4.08) 8(6.35) 4(8.51) 0.267
B-RBin 24 h, n (%) 120 (49.38) 117 (47.76) 61 (48.41) 25(53.19) 0611
ACEI/ARB in 24 h, n (%) 29(11.93) 26 (10.61) 15(11.9) 6(12.77) 0.68
ESR, mm/h 15.724+14.52 1817£13.7 1693+£13.81 13.69+£10 0574
HBA1C, % 6.74+1.25 6.49+1.07 633+13 6.19+048 0.058
BNP (pg/ml) 760.25 (441.3,1018.5) 641.9 (316.85, 1120) 694.22 (306.28,994.18) 667.02 (285.95,1010,6) 0.236
WBC, *10°/L 105+4.17 10.36+3.84 9.63+£3.93 936201 0.298
RBC, *10'%/L 421£09 4144058 424048 4024048 0.097
Hb, g/L 12828 4+2241 127.59+19.56 129.14£1523 1243341354 0.328
D-dimer, mg/L FEU 131£1.21 1.37£1.63 1.324+0.65 1.11+£044 0.67
CK-MB, ng/ml 22(5.95,92.65) 289 (6.4,127.03) 174(1.9,55.85) 12.1(1.7,43.85) 0.877
CTnl, ng/ml 7.53(2.95,33.7) 11.23 (6.01,47.83) 5.62(1.32,39.65) 7.61(1.32,33.65) 0.308
LDL, mmol/L 2.58+£0.97 2.59+0.79 233+0.77 2.67+0.95 0.15
SCR, umol/L 10144 £59.81 103.9+61.36 84.82£21.95 76542322 0.392
eGFR, ml/min/1.73 m? 71.7£3063 78.32+£36.61 79412542 89.36£34.77 0.521
SUA, umol/L 344.81£101.99 338.04£103.9 311.62+£87.29 317.36£51.76 0.56
LVEDd, mm 4831+£8 49.26+6.33 4691+£4.86 47.23£522 023
LVESd, mm 3593+847 36.04+8.09 33.61+£7.27 36.08+8.22 0.48
LVEF (%) 52.09£10.91 5516116 5843£10.62 5546+£11.36 0.923
GRACE RS 182.7£42.85 17403 £44.38 167.36£36.23 169.08 £32.71 0.778
Primary PCl treatment, n (%) 161 (66.26) 166 (67.76) 80 (63.49) 30(63.83) 0.668
Heart rupture, n (%) 30(12.35) 18 (7.35) 10 (7.94) 3(6.38) <0.001
Mortality, n (%) 33(13.58) 25(10.2) 12(9.52) 5(10.64) 0.024

Data are number (%), mean (SD), or median (IQR)

HT, hypertension; DM, diabetes mellitus; CHF, chronic heart failure; TIA, transient ischemic attack; MI, myocardial infarction; CAD, Coronary artery disease; PCI,
percutaneous coronary intervention; CABG, coronary artery bypass grafting; AF, atrial fibrillation; BMI, body mass Index; STEMI, ST-segment elevation myocardial
infarction; SBP, systolic blood pressure; 3-RB, B-receptor blocker; ACEI, angiotensin-converting enzyme inhibitor; ARB, agiotensin Receptor Blocker; ESR, erythrocyte
sedimentation rate; HBA1C. glycosylated hemoglobin; BNP, brain natriuretic peptide; WBC, white blood cell; RBC, red blood cell; Hb, haemoglobin; CK-MB, creatine
kinase MB; CTnl, cardiac troponin |; LDL-C, low-density lipoprotein cholesterol; LP(a), Lipoprotein (a); SCR, serum creatinine; eGFR, estimated glomerular filtration rate;
SUA, serum uric acid; LVEDd, left ventricular end-diastolic dimension; LVESd, left ventricular end- systolic dimension; LVEF, Left ventricular ejection fraction; GRACE RS,
The Global Registry of Acute Coronary Events risk score; PCl, percutaneous coronary intervention
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Table 4 Multiple logistic regression analysis
for the association between ABO blood groups and HR
after AMI

B OR (95% ClI) Pvalue
Model 1
Blood group A 1.023  2.781(1.174-7.198) 0.035
Age, years 168  4.397(1.698-11.578)  0.001
Female 013 1.139(1.065-1.218)  <0.001
Heart rate at admission, bpm  0.053  1.054 (1.023-1.086) 0.001
BMI, kg/m? —0.127 0.881 (0.764-1.015) 0.079
SBP. mmHg —0.013 0.987 (0.969, 1.006) 0.179
Model 2
Blood group A 0895  2.448(1.121-5.869) 0.045
Age, years 0.803 2.232(0.913-5.445) 0.78
Female 0.171  1.187(1.102-1.278)  <0.001
ESR, mm/h 0.051 1.053(1.017-1.09) 0.003
BNP, pg/ml 0.01 1.011(0.997-1.019) 0.853
CTnl, ng/ml 0.007 1.007 (0.999-1.015) 0.088
Model 3
Blood group A 0697  2.107 (1.065-4.568) 0.046
Age, years 1.324 3.757(1.548-9.12) 0.003
Female 0.129 1.138(1.065-1.215) 0.001
LVEF, % —0.064 0.938(0.902-0.977) 0.002
Model 4
Blood group A 073 2.075(1.002-4.288) 0.048
Age, years 0.863 2371 (1.035-5.433) 0.031
Female 0.132 41 (1.07-1.217) 0.002
No pPCl treatment 1.072 2928 (1418-7.344) 0.005
Model 5
Blood group A 0687  2.212(1.064-5.168) 0.039
GRACE RS 0.019 1.02 (1.01-1.029) <0.001

Italicized value indicates that blood group A was significantly associated with an
elevated risk of HR after AMI in different models

HR, heart rupture; AMI, acute myocardial infarction; OR, odds ratio; Cl,
Confidence interval; BMI, body mass index; SBP, systolic blood pressure; ESR,
erythrocyte sedimentation rate; BNP, brain natriuretic peptide; CTnl, cardiac
troponin I; LVEF, left ventricular ejection fraction; pPCl, primary primary
percutaneous coronary intervention; GRACE RS, Global Registry of Acute
Coronary Events risk score

Variables included in model 1 are blood group A, age, female gender, heart rate
at admission, BMI and SBP

Variables included in model 2 are blood group A, age, female gender, ESR, BNP
and CTnl

Variables included in model 3 are blood group A, age, female gender and LVEF

Variables included in model 4 are blood group A, age, female gender and no
pPCl treatment

Variables included in model 5 are blood group A and the GRACE RS

The incidence of HR after AMI is less than 1% reported
in modern studies and similar results can be seen in
the present study (0.75%) [1, 27, 28]. HR, especially
FWR, is known as a desperate complication after AMIL
The in-hospital mortality of HR patient remains very
high in spite of the rapid advances in diagnostic and
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treatment methods. In this study, the in-hospital death
rate of patients with HR was 81.97%, with 95%, 66.67%
and 33.33% in FWR, VSR and PMR patients, respectively.
Similar or a little lower hospital mortality rates have been
reported in previous studies [7, 29-31].

The antigens of ABO blood groups are mainly
expressed on the surface of red blood cells (RBC), and are
also expressed on vascular endothelium, gastrointestinal,
oral and bronchopulmonary epithelium, platelets (PLT)
and neurocytes [10, 18, 32]. There is conflicting data
about the association between ABO blood groups and
CAD. A number of studies have proved the important
role of the ABO blood groups in the prognosis of CAD
patients. Carpeggiani et al. [11] showed that blood group
A is associated with increased mortality in patients with
CAD, particularly in younger females. Cetin et al. [18]
reported that ABO blood groups were determined to be
significant prognostic indicators of short and long-term
cardiovascular adverse events and mortality in patients
with STEMI undergoing pPCI. A study by Ketch et al.
[16] showed that compared to blood group O, patients
with non-O blood groups have larger infarct sizes but
similar 1 year outcomes. However, the association
between ABO blood groups and CAD or cardiovascular
risk factors had not been confirmed by some other stud-
ies [14, 33, 34]. None of these previous studies demon-
strated the association between ABO blood groups and
HR after AMI, the current study was designed to provide
evidence.

The underlying mechanisms through which ABO
blood groups may participate in the pathogenesis of
HR after AMI remain unclear. Patients with non-O
compared to O blood group have more myocardial
necrosis, larger myocardial infarct size and reduced
pre-procedural thrombolysis in myocardial infarction
(TIMI) flow of coronary, accounting for the higher
level of von Willebrand factor (VWF) and factor VIII
in non-O blood groups, especially in A and B blood
groups [16, 17, 21]. This may be one potential reason
for the increased HR risk in AMI patients with blood
group A. Higher CTnl and lower LVEF are two major
clinical indicators related to a larger myocardial infarct
size [35]. In our study, however, there was no statistical
difference in CTnl or LVEF between blood group A and
other blood groups. The bias caused by small sample
size of our study may be responsible for this. However,
whether blood type A increases the risk of HR after
AMI by causing a larger myocardial infarct size should
be further studied in larger cohort with the help of
cardiac magnetic resonance. Moreover, genome-wide
association studies (GWAS) have identified that ABO
blood groups gene as a locus for diabetes mellitus and
many inflammatory biomarkers, such as IL-10, soluble
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E-selectin, P-selectin and intercellular adhesive mol-
ecule 1 (ICAM-1) [17, 36, 37]. Therefore, blood group
antigens may increase thrombus burden and inflamma-
tory substances level in circulation, which can increase
the risk of HR [37, 38].

HR were more prevalent in older and female patients.
Longer Time from symptom onset to admission, higher
heart rate at admission, KILLIP class, BNP, ESR, WBC,
CTNI, CK-MB and blood group A, were also seen in
patients with HR after AMI. Moreover, HR group had
significantly lower BMI, RBC, Hb, LVEF, eGFR, and had
lower chance to receive pPCI treatment. Most of these
HR related factors, such as age, female gender, BND, heart
rate at admission and no pPCI treatment, have also been
reported previously, except blood group A [21, 26, 30,
39, 40]. According to the principle of 10 outcome events
per variable, multivariate logistic regression analyses
included less than 6 variables was conducted [41]. After
adjusting anthropometric risk factors of HR (age, gen-
der, heart rate at admission, BMI and SBP), blood group
A was associated with HR after AMI independently
(OR=2.781, 95% CI 1.174-7.198, P=0.035). We then
conducted another multivariate logistic regression model
that included age, gender and blood biomarkers related
to HR (ESR, BNP and CTnl). After adjusting these vari-
ables, blood group A remained as an independent predic-
tor for HR after AMI (OR=2.488, 95% CI 1.121-5.869,
P=0.045). The association between blood group A and
an elevated risk of HR after AMI was also observed in
different multivariate regression models that included
echocardiographic index (LVEF) and treatment strategy
(received pPCI treatment or not).

The GRACE RS has been recognized as a validated tool
to predict mortality risk of ACS patients and it has been
recommend by current clinical guidelines [42-45]. The
value of the GRACE RS in predicting HR after AMI was
rarely reported, and might be able to predict HR [21]. The
GRACE RS of patients with HR was significantly higher
than patients without HR (199.14 4+41.03 vs 164 436.54,
P<0.001).We then conducted a logistic regression anal-
ysis that included the GRACE RS as an independent
variable, the analysis also indicated that blood group A
is a risk factor of HR (OR=2.212, 95% CI 1.064-5.168,
P=0.039). To the best of our knowledge, this is the
first study proving the association between ABO blood
groups and HR after AML

There were 3 limitations to the current study. First, this
a single-center research with a relatively small popula-
tion. Second, as a retrospectively case—control study, the
potential cause-effect relationship was unknown. Finally,
we only observed an independent association between
blood group A and HR after AMI, the underlying mecha-
nisms should be studied in the future.
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Conclusion

Blood group A is an independent risk factor for HR in Chi-
nese AMI patients. Evaluation of this parameter may help
with risk stratification of HR in AMI patients.
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