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Background East Asians (EAs), compared to white Caucasians (W), have a lower risk of
ischemic heart disease and a higher risk of bleeding with antithrombotic medications.
The underlying mechanisms are incompletely understood.

Objectives We sought to compare thrombotic profiles of EA and W patients with
myocardial infarction (MI) and relate these to cardiovascular outcomes.

Methods In a prospective study in the United Kingdom and Korea, blood samples from
patients (n =515) with ST- or non-ST-elevation MI (STEMI and NSTEMI) were assessed
using the Global Thrombosis Test, measuring thrombotic occlusion (OT) and endoge-
nous fibrinolysis (lysis time [LT]). Patients were followed for 1 year for major adverse
cardiovascular events (MACE) and bleeding.

Results EA patients showed reduced OT (longer OT) compared to W (646 seconds
[470-818] vs. 436seconds [320-580], p<0.001), with similar LT. In STEMI, OT
(588 seconds [440-759] vs. 361 seconds [274-462], p < 0.001) and LT (1,854 seconds
[1,389-2,729] vs. 1,338 seconds [1,104-1,788], p < 0.001) were longer in EA than W.
In NSTEMI, OT was longer (OT: 734 seconds [541-866] vs. 580 seconds [474-712],
p<0.001) and LT shorter (1519 seconds [1,058-2,508] vs. 1,898 seconds [1,614-
2,806], p=0.004) in EAthan W patients. MACE was more frequentin W than EA (6.3 vs.
1.9%, p=0.014) and bleeding infrequent. While OT was unrelated, LT was a strong
independent predictor of MACE event after adjustment for risk factors (hazard ratio:
3.70, 95% confidence interval: 1.43-9.57, p=0.007), predominantly in W patients, and
more so in STEMI than NSTEMI patients.

Conclusion EA patients exhibit different global thrombotic profiles to W, associated
with a lower rate of cardiovascular events.
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Visual summary. In patients with acute myocardial infarction, assessment of global thrombotic status in venous blood shows
markedly different thrombotic profile in East Asian and Western patients. Thrombotic occlusion time was prolonged in East
Asians and this may afford cardioprotection. Endogenous fibrinolysis times were similar in East Asian and Western patients,
yet prolonged lysis time was strongly related to cardiovascular risk in Western patients only. Inter-ethnic differences in
thrombotic status may help explain the difference in cardiovascular risk in East Asian and Western patients.

Introduction

Multiple lines of evidence indicate that East Asian individuals
have a lower risk of atherothrombotic coronary events
compared to Caucasians, and a relatively higher risk of major
bleeding complications, including intracranial hemorrhage
with antithrombotic medications.~> Annualized standard-
ized death rates from ischemic heart disease are the lowest in
Japan (32.97 [31.82-34.07]) and South Korea (34.03 [29.65-
34.51]), at <30% of the average global level.* A study com-
paring the posthospital outcomes of acute myocardial infarc-
tion (AMI) in Japanese and North Americans revealed a
significantly greater risk of adverse cardiovascular events
in North American patients.

The mechanisms that underlie this phenomenon are
incompletely understood. Clinical characteristics of East
Asians differ from those of Westerners, generally manifest-
ing lower body mass index (BMI) and total cholesterol, with
more frequent hypertension.> There is likely to be a lower
genetic predisposition to coronary disease in East Asians,
with interaction between genetic and epigenetic factors
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contributing to inter-ethnic disparity. The Framingham risk
score markedly overestimates the absolute cardiovascular
risk in East Asians.®® An international registry of 16,451
patients evaluating the prognostic significance of coronary
disease on computed tomographic angiography showed the
annualized incidence of death or AMI with obstructive
coronary disease (>50% stenosis) was 2.2% in Caucasians
and 0.8% in East Asians, and compared to other ethnicities,
East Asians had fewer events than expected (adjusted hazard
ratio [HR]: 0.25; 95% confidence interval [CI]: 0.16-0.38;
p<0.001).°

Genetic differences may also underlie lower coagulant
and inflammation levels in East Asians compared to Cauca-
sians. There is a close relationship between high-sensitivity
C-reactive protein (hs-CRP) level and cardiovascular
events,'%"'2 and among different ethnicities, East Asians
have the lowest levels of inflammation.">~'® A large Korean
registry of 268,803 subjects in a screening program showed
low hs-CRP levels and a significant linear association with
cardiovascular disease.!" Endothelial activation markers
such as ICAM-1, E-selectin, and von Willebrand factor and



coagulation markers including plasminogen activator inhib-
itor 1, fibrinogen, thrombin, and factor VII and VIII levels tend
to be lower in East Asian than in Caucasian patients.'®~ '8 The
“East Asian Paradox” refers to the finding of an enhanced
pharmacokinetic and pharmacodynamic effect with most
antithrombotic medications in East Asians compared to
Caucasians, including P2Y;, inhibitors and oral anticoagu-
lants, resulting in more frequent bleeding and consequent
recommendations for reduced dose antithrombotic pre-
scribing regimens in East Asian patients.w‘22

Whilst individual markers of coagulation and fibrinolysis
have variably been linked to atherothrombotic risk, the
overall thrombotic profile is difficult to ascertain from
individual biomarkers, such that global tests of thrombotic
status are preferable.B‘25 Recently, impaired endogenous
fibrinolysis has emerged as a novel, independent risk factor
for recurrent cardiovascular events in patients with AMI.2%2

Whether thrombotic profiles of East Asian and Western
patients with AMI differ and whether this relates to cardio-
vascular outcomes are unknown. We sought to compare
thrombotic profiles of East Asian and Western patients
with AMI and relate these to cardiovascular outcomes.

Methods

Study Design

We conducted a prospective observational cohort study in
two centers, namely Seoul National University Bundang
Hospital (SNUBH), Seongnam, South Korea and The Lister
Hospital, East and North Hertfordshire NHS Trust, Hertford-
shire, United Kingdom. The studies were performed in
accordance with the Declaration of Helsinki and Good Clini-
cal Practice and their design was approved by the institu-
tional review board of SNUBH (B-209-634-303) and the UK
National Health Research Authority (IRAS 26078, REC 19/LO/
0390) (Clinicaltrials.gov identifier: NCT02562690, IRAS ID:
260786). Patients were enrolled between in the United
Kingdom between February 18, 2016 and May 30, 2021. In
Korea, the participants were enrolled between April 20,2017
and May 30, 2021.

Study Population

Consecutive eligible patients of corresponding ethnicity
presenting with ST-segment elevation or non-ST segment
elevation MI (STEMI and NSTEMI) were recruited in the
United Kingdom and South Korean centers, respectively.
Adults (>18 years) with a presumed diagnosis of STEMI or
NSTEMI based on clinical presentation, electrocardiogram,
and biochemical criteria were enrolled.?®2° Patients receiv-
ing oral anticoagulation, those with known coagulation
disorder, sepsis, platelet count <100 x 10° /L, hemoglobin
<80¢g/L, active malignancy, those unable to take dual anti-
platelet therapy (DAPT), or already enrolled in an interven-
tional research trial were excluded.

All patients gave written informed consent. A delayed
consent strategy was used, with ethical approval, in patients
presenting with STEMI. In these patients, upon arrival to the
hospital, in addition to routine blood tests, an extra blood
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sample was obtained to assess baseline thrombotic status
through the same blood draw. Patients then underwent emer-
gency angiography and primary percutaneous coronary inter-
vention (pPCI) as clinically indicated, as well as standard-of-
care medications including guideline-directed DAPT as deter-
mined by the treating clinician and institutional protocols.
Surviving STEMI patients were subsequently approached for
consent. Patients who died before consent could be obtained
were excluded. Patients presenting with NSTEMI were
approached on the day or the day after admission to seek
consent. Patients received standard-of-care medications in-
cluding guideline-directed DAPT and underwent percutane-
ous coronary intervention as determined by the treating
clinician and institutional protocols. In NSTEMI patients, blood
samples for thrombotic status were obtained only after dis-
continuation of anticoagulant medication (subcutaneous fac-
tor Xa inhibitor or low-molecular-weight heparin) for at least
48 hours. This meant that the majority of NSTEMI patients
were sampled 48 to 96 hours after admission (and therefore
>24 hours after DAPT loading).

Antiplatelet therapy on admission consisted of a “loading”
dose of aspirin 300mg and either clopidogrel 600 mg or
ticagrelor 180 mg or prasugrel 60 mg, given in the ambulance
or emergency department upon diagnosis. For the UK cohort,
patients given clopidogrel by the ambulance crew received
additional ticagrelor 180 mg loading dose peri-pPCI and con-
tinued this postprocedure. In the vast majority of patients with
STEMI, DAPT loading occurred in the 30 minutes preceding
blood sampling on arrival. Unfractionated heparin 70 to 100
[U/kg was given immediately pre-pPCl. Use of glycoprotein
[Ib/llla inhibitor or bivalirudin (Angiomax, The Medicines
Company, Parsippany, New Jersey, United States), decisions
regarding access site, thrombus aspiration, and stent type were
left to the treating physician.

Blood Sampling

In STEMI patients, nonfasting blood samples were taken
upon arrival, after DAPT loading, prior to heparin adminis-
tration, and before pPCl. Samples were taken from a 6-Fr
radial or femoral sheath, which was flushed with nonhepari-
nized saline before insertion. A two-syringe technique was
employed, using the first 5mL for routine tests and
the second 5mL for assessment of thrombotic status. For
NSTEMI patients, nonfasting blood samples were taken
either from the 6-Fr arterial sheath or from a large bore,
usually antecubital, vein, using an 18-G butterfly cannula. A
two-syringe technique was employed, using the first 5 mL for
routine tests and the second 5mlL for thrombotic status
assessment, avoiding prolonged tourniquet time. Based on
previous internal validation data performed by our group, no
difference in thrombotic status between simultaneously
collected arterial and venous sampling routes was observed.

Assessment of Thrombotic Status

Venous blood samples were tested upon withdrawal with the
point-of-care Global Thrombosis Test (GTT) (Thromboquest
Ltd, London, United Kingdom). This automated technique
utilizes nonanticoagulated native whole blood to determine

Thrombosis and Haemostasis © 2023. The Author(s).



Ethnic Differences in Thrombotic Profile in ACS Suh et al.

global thrombotic and fibrinolytic status. The instrument
was positioned in the catheterization laboratory, ready to
use, for patients presenting with STEMI. For patients pre-
senting with NSTEMI, blood samples were obtained during
hospitalization on the ward with the GTT instrument posi-
tioned near the patient. The native blood sample taken from
the patient was immediately introduced into the GTT car-
tridge in the instrument within 15 seconds (s) of withdrawal
and the automated measurement begun. In the cartridge,
blood flows through a conical plastic tube, passing through
small gaps adjacent to two sequential beads. As blood flows
through the gaps adjacent to the upper bead, the resulting
initial high shear stress (180 dynes/cm?) causes platelet
activation. Immediately downstream, in the low shear
zone between the beads, the activated platelets aggregate,
thrombin is generated, and eventually the growing micro-
thrombi occlude the gaps adjacent to the second bead,
reducing the flow rate and finally arresting flow. The instru-
ment measures the time (d) between consecutive blood
drops at the exit of the conical part of the tube, which
gradually increases as thrombi start to occlude the gaps
adjacent to the second bead and at an arbitrary point (d >
15s), the instrument records, and displays occlusion time
(OT; seconds). The restart of blood flow following occlusion
is due to spontaneous thrombolysis (lysis time, LT; seconds).
If lysis does not occur until 6,000 seconds following OT (LT
cut-off time), “no lysis” is recorded. The principle of the
technique, as well as inter- and intra-assay coefficients of
variation, has been previously described.?’? Both centers
used factory-calibrated instruments obtained from the same
manufacturer. Finally, investigators in both sites utilized the
same sample handling and near patient testing technique as
described above, to minimize variability between the two
centers.

Data Collection and Follow-Up

During the index admission, case notes and electronic
records were examined, to allow contemporaneous comple-
tion of study-specific case record forms. Patients were fol-
lowed-up for 12 months for the occurrence of study
endpoints.

Study Endpoints

The primary endpoint was the occurrence of major adverse
cardiovascular events (MACE), defined as the composite of
cardiovascular death, nonfatal MI including stent thrombo-
sis (defined according to the Academic Research Consor-
tium criteria), and stroke/transient ischemic attack
(definitions in =Supplementary Material, available in the
online version). Secondary endpoints included the individ-
ual components of the primary endpoint and the occur-
rence of major bleeding (grades 3-5) classified according to
the Bleeding Academic Research Consortium definition, as
well as all-cause death and repeat revascularization.?' For
all endpoints, hospital and primary care (where available)
source documents were obtained, and diagnosis verified by
two independent clinicians blinded to thrombotic status
results in both centers.
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Statistical Analysis

The study aimed to assess whether LT is a predictor of MACE in
patients with AMI and evaluate the racial disparity of adverse
events between the two ethnic groups (Westerners and East
Asians). A recent study comparing similar thrombotic and
thrombolytic activity in patients with AMI reported LT values
of 1,664 + 756 seconds.>? Using the independent t-test and
assuming a one-sided alpha of 0.05, 5% MACE, and 10% attrition
rate, we calculated that 493 patients would be required to
achieve a power 1- >0.80, to determine a 12% difference in LT
for an enrolment ratio of 1:1 between the two groups.

Data are presented as mean (standard deviation) or
median (interquartile range). Dichotomous variables were
compared using Fisher’s exact test. Correlations were ana-
lyzed using Spearman’s method. The ability of the test to
discriminate between patients with and without the study
endpoint was evaluated by receiver-operating characteristic
(ROC) curve analysis. Only events occurring beyond the point
of LT testing were related to the test’s ability to predict MACE.
To investigate the relationship between LT and MACE, uni-
variate and multivariable hazard regression models of Cox
were used. Study variables were first analyzed with univari-
ate analysis and those risk factor variables that showed a
significant interaction (p < 0.05) were entered into the mul-
tivariable analysis. Analyses were performed with Stata V.17
(StataCorp, College Station, Texas, United States).

Results

We recruited 255 patients from the United Kingdom and 260
from South Korea. The clinical characteristics and baseline
laboratory characteristics of all patients on admission, and
medications on discharge, are shown in =Table 1, and sub-
groups of STEMI and NSTEMI patients shown in =Tables 2
and 3. The groups were generally well matched, with notable
exceptions for raised BMI, hypercholesterolemia, peripheral
arterial disease, and family history of cardiovascular disease,
all more prevalent in the Western patients. Potent P2Y;,
inhibitors prasugrel or ticagrelor were more frequently pre-
scribed for Western patients than South Korean patients upon
discharge (74 vs. 38%, p < 0.001).

Thrombotic Status

Although within the normal range, hemoglobin, white cell
and platelet counts were lower, coagulation assays were
more prolonged in East Asian patients, compared to Western
patients (=Table 1). Fibrinogen levels were lower in East
Asian patients than Westerners. In East Asian patients, OT
was significantly longer than in Westerners, with no signifi-
cant difference overall in LT between the two cohorts. Among
STEMI patients, OT and LT were both much longer in East
Asian patients than in Western patients. Among NSTEMI
patients, OTwas longer but LT shorter in East Asian compared
to Western patients.

Clinical Outcomes
Adverse cardiovascular events occurred significantly more
frequently in Western than in East Asian patients, driven by a



Table 1 Baseline clinical and laboratory characteristics of whole study cohort
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Western patients East Asian patients p-Value
(n=255) (n=260)
Clinical characteristics
Age, y (SD) 66.3 (12.4) 64.5 (12.4) 0.140
Male, n (%) 197 (77.3) 210 (80.8) 0.384
Ethnicity
* White 255 0
 East Asian 0 260
* Black 0 0
* Asian 0 0
* Hispanic 0 0
BMI, kg/m? (SD) 27.7 (5.2) 24.7 (3.7) <0.001
Smoking, n (%) 61 (23.9) 71 (27.3) 0.436
Hypertension, n (%) 132 (51.8) 134 (51.5) 1.000
Diabetes, n (%) 59 (23.1) 71 (27.3) 0.323
Hypercholesterolemia, n (%) 5(33.3) 4 (20.8) 0.002
Family history of premature CAD, n (%) 1(31.8) 1(23.5) 0.044
Angina, n (%) 3(9.0) 5(13.5) 0.145
Prior MI, n (%) 2(12.6) 5(13.5) 0.860
Prior PCI, n (%) 0(11.8) 7(14.2) 0.484
Prior CABG, n (%) (1 6) 0 (0) 0.119
CKD, n (%) 1(4.3) 8 (3.1) 0.610
PAD, n (%) 8 (3.1) 1(0.4) 0.035
CVA, n (%) 8(3.1) 11(4.2) 0.673
ACS presentation
STEMI, n (%) 160 (62.8) 160 (61.5) 0.786
NSTEMI, n (%) 95 (37.2) 100 (38.5) 0.786
Laboratory characteristics
Hb, g/dL (IQR) 14.2 (13.2-15.2) 13.8 (12.7-14.9) 0.005
WCC, x10°/L (IQR) 9.8 (8.0-12.1) 9.3(7.2-11.7) 0.035
Platelets, x10°/L (IQR) 248 (202-291) 221 (184-255) <0.001
INR, (IQR) 1(0.9-1) 1(0.9-1) 0.026
PT, s (IQR) 11.2(10.7-11.8) 12.8 (12.4-13.5) <0.001
APTT, s (IQR) 26.2 (23.6-29.3) 34.5 (31.6-37.9) <0.001
Fibrinogen, g/L (IQR) 4.1 (3.4-5) 3.4 (2.9-3.9) <0.001
Creatinine, pmol/L (IQR) 84 (72-102) 82 (70-97) 0.191
hs-CRP, mg/L (IQR) 3(1-7) 4 (3-10.7) <0.001
HbA1c, mmol/mol (IQR) 4 (37-59) 42.5 (38-52) 0.746
Glucose, mmol/L (IQR) 7.6 (6-11.5) 7.7 (6.4-9.9) 0.802
Total cholesterol, mmol/L (IQR) 5.1 (4.1-5.8) 2 (3.4-5.1) 0.000
LDL cholesterol, mmol/L (IQR) 2.5(1.5-3.4) 6 (1.9-3.4) 0.287
Troponin (peak)
hs-troponin T, ng/L (IQR) 735 (93-2463) n/a
hs-troponin I, ng/L (IQR) n/a 34,873 (5,787-86,584)
Thrombotic status
(Continued)
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Table 1 (Continued)
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Western patients East Asian patients p-Value
(n=255) (n=260)
OT, s (IQR) 436 (320-580) 646 (470-818) <0.001
LT, s (IQR) 1,542 (1,171-2,160) 1,735 (1,238-2,669) 0.052
Admission medications®
Aspirin, n (%) | 58 (22.8) | 114(43.9) <0.001
Discharge medications
Aspirin, n (%) 240 (94.1) 246 (94.6) 0.139
Clopidogrel, n (%) 47 (18.4) 158 (60.8) <0.001
Ticagrelor, n (%) 188 (73.7) 51 (19.6) <0.001
Prasugrel, n (%) 0 (0.0) 46 (17.7) <0.001
Beta-blocker, n (%) 218 (85.5) 200 (76.9) 0.001
ACEi/ARB, n (%) 223 (87.5) 199 (76.5) <0.001
Statin, n (%) 232 (90.9) 243 (93.5) 0.834

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; APTT, activated partial thromboplastin time; ARB,
angiotensin receptor blocker; BMI, body mass index; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CKD, chronic kidney
disease; CVA, cerebrovascular accident; Hb, hemoglobin; HbA1c, hemoglobin Alc; hs-CRP, high-sensitivity creactive protein; hs-troponin I, high-
sensitivity troponin I; hs-troponin T, high-sensitivity troponin T; INR, international normalized ratio; IQR, interquartile range; LDL, low-density
lipoprotein; LT, lysis time; MI, myocardial infarction; NSTEMI, non-ST segment elevation myocardial infarction; OT, occlusion time; PAD, peripheral
arterial disease; PCl, percutaneous coronary intervention; PT, prothrombin time; SD, standard deviation; STEMI, ST-segment elevation myocardial
infarction; WCC, white cell count.

Note: Values are presented as mean (SD), median (IQR), or n (%). CKD defined as creatinine >177 pmol/L. Prior aspirin defined as regular use
prehospitalization. Family history of premature CAD defined as a diagnosis of CAD in a first-degree relative <60 years. Values in bold are significant
(i.e., p<0.05).

“Refers to relevant medications that the patients were taking up to the time of admission, i.e., on a regular basis at home. None were taking a P2Y>
inhibitor at prior to admission.

Table 2 Baseline clinical and laboratory characteristics of patients with STEMI

Western patients East Asian patients p-Value
(n=160) (n=160)
Clinical characteristics
Age, y (SD) 65.8 (12.2) 61.4 (12.3) 0.002
Male, n (%) 128 (80) 134 (83.8) 0.385
BMI, kg/m? (SD) 27.3 (4.7) 24.6 (3.8) <0.001
Smoking, n (%) 42 (26.3) 53 (33.1) 0.179
Hypertension, n (%) 82 (51.2) 3 (45.6) 0.315
Diabetes, n (%) 32 (20.0) 3 (20.6) 0.890
Hypercholesterolemia, n (%) 60 (37.5) 5(21.9) 0.003
Family history of premature CAD, n (%) 55 (34.4) 42 (26.3) 0.114
Angina, n (%) 12 (7.5) 8(11.3) 0.251
Prior MI, n (%) 15 (9.4) 8 (11.3) 0.582
Prior PCI, n (%) 14 (8.8) 1(13.1) 0.211
Prior CABG, n (%) 1(0.6) 0 (0.0) 1.000
CKD, n (%) 7 (4.4) 3(1.9) 0.199
PAD, n (%) 6 (3.8) 1(0.6) 0.121
CVA, n (%) 5(3.1) 5(3.1) 1.000
Laboratory characteristics
Hb, g/dL (IQR) | 14.1 (13.0-15.2) | 14.2 (12.9-15.1) 0.830

Thrombosis and Haemostasis © 2023. The Author(s).



Table 2 (Continued)
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Western patients East Asian patients p-Value
(n=160) (n=160)
WCC, x10°/L (IQR) 10.5 (8.6-12.4) 10.4 (8.3-13.0) 0.825
Platelets, x10°/L (IQR) 241 (200-282) 226 (188-263) 0.012
INR (IQR) 1(0.9-1.0) 1.0 (0.9-1.0) 0.660
PT, s (IQR) 11.5(10.9-12.1) 12.8 (12.4-13.4) <0.001
APTT, s (IQR) 28.6 (26.3-30.6) 33.7 (31.2-37.9) <0.001
Fibrinogen, g/L (IQR) 4.6 (3.8-5.3) 3.3 (2.8-3.9) <0.001
Creatinine, pmol/L (IQR) 84 (72-101) 82 (69-95) 0.092
hs-CRP, mg/L (IQR) 3(1-8) 4 (3-15) 0.002
HbA1c, mmol/mol (IQR) 52 (48-60) 42 (38-52) 0.028
Glucose, mmol/L (IQR) 11.7 (9.6-12.9) 8.7 (6.9-11.0) 0.001
Total cholesterol, mmol/L (IQR) 5.1 (4.3-5.9) 4.5 (3.7-5.3) <0.001
LDL cholesterol, mmol/L (IQR) 2.6 (1.9-3.8) 2.8 (2.0-3.5) 0.474
Troponin (peak)
hs-troponin T, ng/L (IQR) 1,867 (838-3640) n/a
hs-troponin I, ng/L (IQR) n/a 68,416 (24,783-109,984)
Thrombotic status
OT, s (IQR) 361 (274-462) 588 (440-759) <0.001
LT, s (IQR) 1,338 (1,104-1,788) 1,854 (1,389-2,729) <0.001
Admission medications
Aspirin, n (%) | 30 (18.8) | 41 (25.6) 0.178
Discharge medications
Aspirin, n (%) 148 (92.5) 153 (95.6) 0.385
Clopidogrel, n (%) 25 (15.6) 78 (48.8) <0.001
Ticagrelor, n (%) 122 (76.3) 44 (27.5) <0.001
Prasugrel, n (%) 0 (0.0) 33 (20.6) <0.001
Beta-blocker, n (%) 139 (86.9) 135 (84.4) 0.054
ACEi[ARB, n (%) 143 (89.4) 133 (83.1) 0.001
Statin, n (%) 147 (91.9) 154 (96.3) 0.823

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; APTT, activated partial thromboplastin time; ARB,
angiotensin receptor blocker; BMI, body mass index; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CKD, chronic kidney
disease; CVA, cerebrovascular accident; Hb, hemoglobin; HbA1c, hemoglobin Alc; hs-CRP, high-sensitivity creactive protein; hs-troponin I, high-
sensitivity troponin I; hs-troponin T, high-sensitivity troponin T; INR, international normalized ratio; IQR, interquartile range; LDL, low-density

lipoprotein; LT, lysis time; MI, myocardial infarction; NSTEMI, non-ST segment elevation myocardial infarction; OT, occlusion time; PAD, peripheral
arterial disease; PCl, percutaneous coronary intervention; PT, prothrombin time; SD, standard deviation; STEMI, ST-segment elevation myocardial

infarction; WCC, white cell count.

Note: CKD defined as creatinine >177 pmol/L. Prior aspirin defined as regular use prehospitalization. Family history of premature CAD defined as a
diagnosis of CAD in a first-degree relative <60 years. Values in bold are significant (i.e., p <0.05).

higher rate of cardiovascular death (~Table 4). Overall, the
rate of bleeding complications was low, and similar in East
Asian and Western patients. Due to few bleeding events, we
could not assess a relationship between bleeding events and
OTor LT.

Relationship between Thrombotic Status and Adverse
Cardiovascular Outcomes

Using ROC analysis, the optimal LT cut-point to predict MACE
was 2,731 seconds (area under the ROC curve [AUC]: 0.67)

(=Table 5). In the group as a whole, LT was predictive of
MACEwith HR 4.24 (95% CI: 1.72-10.43, p=0.002) (~Fig. 1A)
driven by cardiovascular death (HR 15.28, 95% CI: 3.24-
71.96, p=0.01) (~Table 6), and this remained a significant
and independent risk after adjustment for univariate risk
factors that were also independently associated with MACE
(age, sex, race, diabetes, chronic kidney disease, prior angina,
prior coronary artery bypass graft, and fibrinogen) (HR: 3.63,
95% CI: 1.17-11.31, p=0.026) (~Supplementary Table S1,
available in the online version). Subgroup analysis by

Thrombosis and Haemostasis © 2023. The Author(s).
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Table 3 Baseline clinical and laboratory characteristics of patients with NSTEMI

Western patients East Asian patients p-Value
(n=95) (n=100)
Clinical characteristics
Age, y (SD) 67.1(12.9) 69.4 (11.0) 0.193
Male, n (%) 69 (72.6) 76 (76.0) 0.592
BMI, kg/m? (SD) 28.4 (5.9) 24.8 (3.5) <0.001
Smoking, n (%) 19 (20.0) 18 (180) 0.724
Hypertension, n (%) 50 (52.6) 61 (61.0) 0.240
Diabetes, n (%) 27 (28.4) 38 (38.0) 0.158
Hypercholesterolemia, n (%) 25 (26.3) 19 (19.0) 0.224
Family history of premature CAD, n (%) 26 (27.4) 19 (19.0) 0.167
Angina, n (%) 11 (11.6) 17 (17.0) 0.283
Prior MI, n (%) 17 (17.9) 17 (17.0) 0.871
Prior PCI, n (%) 16 (16.8) 16 (16.0) 0.876
Prior CABG, n (%) 3(3.2) 0 (0.0) 0.228
CKD, n (%) 4 (4.2) 5 (5.0) 0.796
PAD, n (%) 2(2.1) 0 (0.0) 0.472
CVA, n (%) 3(3.2) 6 (6.0) 0.347
Laboratory characteristics
Hb, g/dL (IQR) 14.4 (13.4-15.2) 13.3 (12.0-14.6) <0.001
WCC, x10°/L (IQR) 8.8 (7.3-11.2) 7.9 (6.1-9.2) 0.002
Platelets, x10°/L (IQR) 266 (207-303) 212 (183-244) <0.001
INR (IQR) 1.0 (1.0-1.0) 1.0 (0.9-1.0) 0.002
PT, s (IQR) 10.9 (10.5-11.2) 13.0 (12.4-13.6) <0.001
APTT, s (IQR) 23.4 (22.0-24.6) 35.3 (32.3-37.8) <0.001
Fibrinogen, g/L (IQR) 3.4 (2.9-4.0) 3.5(3.1-4.2) 0.510
Creatinine, pmol/L (IQR) 88 (71-102) 87 (71-104) 0.982
hs-CRP, mg/L (IQR) 3(1-6.9) 4(2.6-7.7) 0.033
HbA1c, mmol/mol (IQR) 39 (37-50) 44 (39-53) 0.336
Glucose, mmol/L (IQR) 6.3 (5.6-7.4) 6.8 (5.8-8.8) 0.133
Total cholesterol, mmol/L (IQR) 4.3 (3.1-5.3) 3.7 .3.3-4.7() 0.291
LDL cholesterol, mmol/L (IQR) 2.4 (1.4-3.4) 2.2 (1.7-3.0) 0.942
Troponin (peak)
hs-troponin T, ng/L (IQR) 106 (46-340) n/a
hs-troponin I, ng/L (IQR) n/a (5,879 (1,162-15,990)
Thrombotic status
OT, s (IQR) 580 (474-712) 734 (541-866) <0.001
LT, s (IQR) 1,898 (1,614-2,806) 1,519 (1,058-2,508) 0.004
Admission medications
Aspirin, n (%) 28 (29.5) 73 (73.0) <0.001
Discharge medications
Aspirin, n (%) 92 (96.8) 93 (93.0) 0.375
Clopidogrel, n (%) 22 (23.2) 80 (80.0) <0.001
Ticagrelor, n (%) 66 (69.5) 7 (7.0) <0.001
Prasugrel, n (%) 0 (0.0) 13 (13.0) <0.001
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Table 3 (Continued)
Western patients East Asian patients p-Value
(n=95) (n=100)
Beta-blocker, n (%) 9 (83.2) 65 (65.0) 0.006
ACEi/ARB, n (%) 80 (84.2) 66 (66.0) 0.005
Statin, n (%) 85 (895) 89 (89.0) 1.000

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; APTT, activated partial thromboplastin time; ARB,
angiotensin receptor blocker; BMI, body mass index; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CKD, chronic kidney
disease; CVA, cerebrovascular accident; Hb, hemoglobin; HbA1c, hemoglobin Alc; hs-CRP, high sensitivity creactive protein; hs-troponin I, high
sensitivity troponin I; hs-troponin T, high sensitivity troponin T; INR, international normalized ratio; IQR, interquartile range; LDL, low density

lipoprotein; LT, lysis time; MI, myocardial infarction; NSTEMI, non-ST segment elevation myocardial infarction; OT, occlusion time; PAD, peripheral
arterial disease; PCl, percutaneous coronary intervention; PT, prothrombin time; SD, standard deviation; STEMI, ST-segment elevation myocardial

infarction; WCC, white cell count,

Note: CKD defined as creatinine >177 pmol/L. Prior aspirin defined as regular use prehospitalization. Family history of premature CAD defined as a
diagnosis of CAD in a first-degree relative <60 years. Values in bold are significant (i.e., p <0.05).

Table 4 Clinical outcomes at 1 year in patients with myocardial infarction, based on ethnicity (statistically significant values shown

in bold)
All patients Westerners East Asians p-Value
(n=515) (n=255) (n=260)
MACE 1(4.08%) 16 (6.27%) 5 (1.92%) 0.014
Cardiovascular death 10 (1.94%) 9 (3.53%) 1 (0.38%) 0.010
ACS 7 (1.36%) 5 (1.96%) 2 (0.77%) 0.281
TIA/CVA 4 (0.78%) 2 (0.78%) 2 (0.77%) 1.000
Further PCl (0.19%) 1(0.39%) 0 (0.0%) 0.495
Major bleeding (BARC Type 3-5) 2 (0.39%) (o 39%) 1(0.38%) 1.000
All-cause death 7 (3.30%) 4 (5.49%) 3(1.15%) 0.006

Abbreviations: ACS, acute coronary syndrome; BARC, Bleeding Academic Research Consortium; CVA, cerebrovascular accident; ISR, in-stent
restenosis; MACE, major adverse cardiovascular events; PCl, percutaneous coronary intervention; TIA, transient ischemic attack.

ethnicity showed that in Western patients, LT was strongly
predictive of MACE (HR: 12.02, 95% CI: 3.77-38.34,
p<0.0001), even after adjustment for risk factors (HR:
10.25, 95% CI: 3.08-34.15, p < 0.001) but LT was not predic-
tive of MACE in East Asian patients (=Table 7, ~Fig. 1B).
Amongst Westerners, 18% had LT greater than 2,731 seconds,
whilst 24% of the East Asian patients had LT above this level
(=Table 7). The relationship between LT and cardiovascular
outcomes in East Asian patients was very weak (AUC: 0.53),
but this may have been driven by the very low MACE rate in
this cohort (-Table 4). Subgroup analysis by AMI type
showed that LT was a stronger predictor of MACE in STEMI
patients than in NSTEMI patients, both in Westerners (AUC:
0.85 vs. 0.70) and in East Asian patients (AUC: 0.60 vs. 0.58)
(=Table 5).

In the group as a whole, OT was not related to MACE or its
components (AUC: 0.51) (~Tables 5 and 8), although OT was
more closely related to MACE in East Asian than in Western
patients (AUC: 0.61 vs. 0.51). Although there were baseline
differences in aspirin use prior to admission between the
East Asian and Western cohorts, further analysis excluding
those patients who were taking aspirin prior to admission
showed that OT remained unrelated to MACE

(=Supplementary Tables S2 and S3, available in the online
version). In East Asian patients, OT was more closely related
to adverse events in STEMI than NSTEMI (AUC: 0.64 vs. 0.58)
and in Westerners in NSTEMI than in STEMI patients (AUC:
0.79vs.0.52) (=Table 5). In neither Western nor in East Asian
patients, could OT differentiate between patients with and
without MACE over the follow-up period (=Table 9). Fur-
thermore, there was no difference in OT at discharge by type
of P2Y;, inhibitor used (clopidogrel 570 [422-791] seconds
vs. ticagrelor 479 [357-659] seconds vs. prasugrel 543 [434-
815] seconds). The relationship between cardiovascular
events according to different P2Y, inhibitors upon discharge
isshown in = Supplementary Table S4 (available in the online
version).

Relationship of Lysis Time to Clinical and Laboratory
Characteristics

When relating LT to the clinical and laboratory character-
istics shown in =Table 1, LT was related to acute coronary
syndrome (ACS) presentation (STEMI, r=0.11, p=0.018),
and weakly correlated with hs-CRP, total cholesterol, and
peak hs-troponin T in Western patients but not with other
hematological or biochemical parameters on admission

Thrombosis and Haemostasis © 2023. The Author(s).
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Table 8 Relationship between adverse events at 1-year and occlusion time (statistically significant values shown in bold)

Adverse event All patients OT < 181 OoT > 181 HR 95% Cl p-Value
(n=515) (n=39) (n=476)

MACE 21 (4.08%) 1(2.56%) 20 (4.20%) 1.50 0.20-11.23 0.694
Cardiovascular death 10 (1.94%) 1(2.56%) 9 (1.89%) 0.75 0.09-5.89 0.781
ACS 7 (1.36%) 0 7 (1.47%) NA NA NA
TIA/CVA 4 (0.78%) 0 4 (0.84%) NA NA NA
Further PCl (0.19%) 0 1(0.21%) NA NA NA
Major bleeding (BARC 3-5) 2 (0.39%) 0 2 (0.42%) NA NA NA
All-cause death 7 (3.30%) 3 (7.69%) 14 (2.94%) 0.39 0.11-1.37 0.141

Abbreviations: ACS, acute coronary syndrome; BARC, Bleeding Academic Research Consortium; Cl, confidence interval; CVA, cerebrovascular
accident; HR, hazard ratio; ISR, in-stent restenosis; MACE, major adverse cardiovascular events; NA, not applicable; OT, occlusion time; PCl,

percutaneous coronary intervention; TIA, transient ischemic attack.

Prolonged endogenous fibrinolysis was an independent
predictor of adverse cardiovascular events, with a fourfold
increased risk, driven predominantly by cardiovascular
death. In both Western and East Asian cohorts, the predictive
value of LT was greater in STEMI than in NSTEMI patients.
Although endogenous fibrinolysis time was similar in the
two cohorts, it was a much stronger predictor of future
adverse cardiovascular events in Western than in East Asian
patients. This could be attributable to the very few adverse
events in East Asian patients compared to Westerners. A
previous study in patients with stable coronary disease
showed that viscoelastic properties of whole blood, mea-
sured by thromboelastography, differed between East Asian
and Caucasian patients, with delayed initiation of clot for-
mation, lower clot strength, and faster clot lysis in East Asian
patients.33 High platelet-fibrin clot strength was a significant
predictor of ischemic events over a 3-year follow-up, with
high clot strength prevalence being 50% lower in East Asians
than in Caucasians.

Surprisingly, hs-CRP was higher in East Asian than in
Western patients at baseline. Endogenous fibrinolysis was
weakly correlated with hs-CRP in both STEMI and NSTEMI
patients, but only in Western and not East Asian patients.
This finding is supported by previous studies in Caucasian
patients that have shown evidence of bi-directional cross-
talk between coagulatory and inflammatory pathways,
which could help guide pharmacological strategies to treat
hypofibrinolysis in these patients.?’-34

East Asian patients showed prolonged OT in both STEMI
and NSTEMI, compared to Western patients, and despite less
potent antiplatelet medications. Although LT was overall
similar in Western and East Asian patients, the relatively
high OT in East Asians may offer cardiovascular protection.
More potent P2Y;, inhibitors (prasugrel or ticagrelor) were
taken by 37.3% Korean patients compared to 73.7% of West-
ern patients on discharge. However, OT was overall not
related to adverse cardiovascular events. Previously, we
have shown prolongation of OT in Western patients from
the time of initial admission with STEMI to the time of
discharge, which almost certainly reflects the effects of
DAPT treatment, initiated during admission.?’ Furthermore,

Thrombosis and Haemostasis © 2023. The Author(s).

in earlier work, we have shown increasing prolongation of OT
with more potent oral P2Y;; inhibitors, with no significant
effect of P2Y;, inhibitors on LT.>> The fact that OT on
presentation was not predictive of adverse cardiovascular
events during follow-up is likely explained by the further
modulation of OT by DAPT during the hospitalization and
beyond, such that the baseline OT is no longer reflective of
risk. It is therefore also surprising that Korean patients,
amongst whom fewer were taking more potent P2Y;, inhib-
itors, demonstrated a longer OT than Western patients,
indicating a genetic basis. In earlier work, comparing throm-
botic profiles in healthy volunteers, OT was longer in Japa-
nese than in Western patients.3‘6 Whilst absolute OT values
between the results of that study from >10 years ago and the
study now in ACS patients cannot be directly compared, the
combined results indicate that both in healthy volunteers
and in ACS patients, OT is longer in East Asians than in
westerners. Furthermore, this prolonged OT in East Asian
individuals is seen both in the absence of antiplatelet medi-
cation (healthy volunteers) and in STEMI patients, who were
sampled before the onset of DAPT effect. This suggests an
ethnic difference in OT in East Asian and Western individuals,
that is unaffected by disease process. On the other hand,
whilst that earlier paper showed that LT was longer in East
Asian than in Western healthy individuals, we found that in
the setting of ACS, especially in STEMI patients, it was longer
in Western than East Asian patients. In essence, the longer LT
in Western patients with ACS, compared to healthy Western
volunteers, associated with the higher rate of MI and the
higher rate of recurrent adverse events post-MI supports the
concept that increased LT in Westerners is implicated in the
pathogenesis of cardiovascular thrombotic events.

The prolonged OT seen here in Korean patients may
therefore represent a genetic profile which antiplatelet
medication further accentuates. Amongst patients with atri-
al fibrillation taking oral anticoagulation, OT was significant-
ly prolonged in Japanese patients compared to white
Europeans.3’ We therefore postulate that the baseline pro-
longed OT seen in East Asian patients may afford cardiovas-
cular protection, although because of the very low event rate
in this population, we did not show a significant predictive



Table 9 Relationship between adverse cardiovascular events at 1-year follow-up and optimal OT cut-point, by ethnicity
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Abbreviations: ACS, acute coronary syndrome; BARC, Bleeding Academic Research Consortium; CVA, cerebrovascular accident; ISR, in-stent restenosis; MACE, major adverse cardiovascular events; NA, not

applicable; OT, occlusion time; PCl, percutaneous coronary intervention; TIA, transient ischemic attack.
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value of OT for MACE. Clearly, future larger studies would be
needed to definitively address this.

Larger cohort studies in East Asian patients with STEMI,
with longer duration of follow-up, adequately powered to
assess the prognostic significance of thrombotic status on
cardiovascular outcomes are needed. Furthermore, large
studies are also needed in East Asian patients to assess the
relationship between thrombotic status and the risk of
bleeding events, which this study was underpowered to
evaluate.

Limitations

There are notable limitations to our study. This was a two-
center collaboration with a relatively small sample size and
the low rate of adverse events over the follow-up period,
particularly in Korean patients, limits the conclusions we can
draw about the usefulness of thrombotic status results in
predicting cardiovascular outcomes in these populations.
The populations were generally well matched, but with
significantly higher BMI in Western patients than in East
Asians, as well as higher prevalence of hyperlipidemia and a
positive family history of cardiovascular disease. These are
recognized inter-ethnic differences and whilst they may be a
confounder, these features are typical characteristics of the
populations studied. Hemoglobin and platelet count were
both lower with coagulation tests slightly longer in Korean
patients than in Western patients. Whilst still within the
normal range, this could have influenced outcomes, although
there was no relationship between any of these markers and
OT or LT. Medications on discharge were different in the two
cohorts, with more potent P2Y;, inhibitors given to

Table 10 Correlation of lysis time with clinical and laboratory
characteristics in the entire cohort (statistically significant
values shown in bold)

| LT (r) | p-Value
Baseline characteristics
Age 0.0243 0.5842
Male 0.0290 0.5142
Race 0.0860 0.0522
BMI 0.0775 0.0838
Smoking 0.0327 0.4619
Hypertension 0.0052 0.9066
Diabetes 0.0671 0.1305
Hypercholesterolemia —0.0037 | 0.9338
Family history of premature CAD | —0.0314 | 0.4786
Angina 0.0391 0.3778
Prior Ml 0.0337 0.4472
Prior PCI 0.0311 0.4836
Prior CABG 0.0437 0.3245
CKD 0.0616 0.1645
PAD 0.0258 0.5603
CVA 0.0293 0.5087
(Continued)
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Table 10 (Continued)

LT (r) p-Value
ACS presentation 0.1051 0.0176
Aspirin (on admission) —0.0056 | 0.9000

Laboratory characteristics
Peak hs-Troponin T 0.1457 0.0272
Peak hs-Troponin | 0.0735 0.2377
Hs-CRP 0.1433 0.0013
Creatinine 0.0649 0.1433
HbA1c 0.0943 0.2388
Glucose 0.0830 0.1574
Platelets —0.0513 | 0.2477
INR 0.0433 0.3479
PT 0.0185 0.7014
APTT 0.0192 0.6781
Fibrinogen —0.0134 | 0.7731
Hb 0.0053 0.9055
WCC —0.0178 0.6892
Total cholesterol —0.1167 | 0.0147
LDL cholesterol —0.0904 | 0.1176
Thrombotic status

oT 0.0010 0.9830

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ACS, acute
coronary syndrome; APTT, activated partial thromboplastin time; ARB,
angiotensin receptor blocker; BMI, body mass index; CABG, coronary artery
bypass grafting; CAD, coronary artery disease; CKD, chronic kidney disease;
CVA, cerebrovascular accident; Hb, hemoglobin; HbA1c, hemoglobin Alc;
hs-CRP, high-sensitivity creactive protein; hs-troponin I, high-sensitivity
troponin I; hs-troponin T, high-sensitivity troponin T; INR, international
normalized ratio; IQR, interquartile range; LDL, low-density lipoprotein; MI,
myocardial infarction; NSTEMI, non-ST segment elevation myocardial in-
farction; OT, occlusion time; PAD, peripheral arterial disease; PCl, percu-
taneous coronary intervention; PT, prothrombin time; SD, standard
deviation; STEMI, ST-segment elevation myocardial infarction; WCC, white
cell count.

Note: CKD defined as creatinine >177 pmol/L. Family history of
premature CAD defined as a diagnosis of CAD in a first-degree relative
<60 years. Values in bold are significant (i.e., p <0.05).

Westerners. Although we would have expected this to skew
the results in favor of fewer events in Western patients, and
the opposite was observed, and so it is unlikely to have
confounded the results. Although follow-up was 100% com-
plete in both cohorts for MACE, as reported by patients or as
evidenced by case notes, events that may not have been
reported by patients and which were not documented in
local case records may have been missed.

Conclusion

In the first study to assess inter-ethnic differences in global
thrombotic status in patients with AMI, we show that East
Asian (Korean) patients exhibit a different thrombotic profile
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to white Caucasian western patients, and this is associated
with a lower rate of recurrent cardiovascular events.

Future large studies will be required to identify the
cardiovascular risk associated with relatively different global
thrombotic profiles in East Asian and white Caucasian pop-
ulations. This may allow differential tailoring of antithrom-
botic medications, by ethnicity, to reduce ischemic and
bleeding events.

Perspectives

Competency in Medical Knowledge

East Asians have a lower risk of ischemic heart disease and a
higher risk of bleeding with antithrombotic medications,
compared to Westerners. The underlying mechanisms be-
hind these ethnic differences are incompletely understood.
We show that East Asian patients exhibit a markedly differ-
ent thrombotic profile in blood compared to Westerners,
which may explain their lower rate of cardiovascular events.

Translational Outlook

Future large studies are required to identify the cardio-
vascular risk associated with relatively different global
thrombotic profiles in East Asian and Western popula-
tions. This may allow differential tailoring of antithrom-
botic medications, by ethnicity, to reduce ischemic and
bleeding events.

What is known on this topic?

+ East Asians have a lower risk of ischemic heart disease
and a higher risk of bleeding with antithrombotic
medications, compared to Westerners.

* The underlying mechanisms behind these ethnic dif-
ferences, and how they contribute to cardiovascular
outcomes, are incompletely understood.

What does this paper add?

* We show that East Asian patients exhibit a markedly
different thrombotic profile in blood compared to
Westerners, which may explain their lower rate of
cardiovascular events after a heart attack.

 Future large studies are required to identify the car-
diovascular risk associated with relatively different
global thrombotic profiles in East Asian and Western
populations, which may allow tailoring of antithrom-
botic medications, by ethnicity, to reduce ischemic and
bleeding events.

Funding

This study was in part supported by a grant from the
Science Research Program through the National Research
Foundation of Korea and a grant from Korean Society of
Interventional Cardiology (NRF-2020R1F1A1075503 and
KSIC 2019-02).



Conflict of Interest

D.A.G. has received institutional grants from Bayer PlIc,
AstraZeneca, Werfen, Medtronic, and Alpha MD and hon-
oraria for lectures from AstraZeneca and Boehringer
Ingelheim. All other authors have no disclosures to
declare.

References

1

Bae JS, Ahn JH, Tantry US, Gurbel PA, Jeong YH. Should antith-
rombotic treatment strategies in East Asians differ from Cauca-
sians? Curr Vasc Pharmacol 2018;16(05):459-476

Jeong YH. “East asian paradox”: challenge for the current anti-
platelet strategy of “one-guideline-fits-all races” in acute coro-
nary syndrome. Curr Cardiol Rep 2014;16(05):485

Gorog DA, Ferreiro JL, Ahrens |, et al. De-escalation or abbreviation
of dual antiplatelet therapy in acute coronary syndromes and
percutaneous coronary intervention: a Consensus Statement
from an international expert panel on coronary thrombosis.
Nat Rev Cardiol 2023;20(12):830-844

Li Z, Lin L, Wu H, et al. Global, regional, and national death, and
disability-adjusted life-years (DALYs) for cardiovascular disease
in 2017 and trends and risk analysis from 1990 to 2017 using the
global burden of disease study and implications for prevention.
Front Public Health 2021;9:559751

Sasayama S. Heart disease in Asia. Circulation 2008;118(25):
2669-2671

Jee SH, Jang Y, Oh DJ, et al. A coronary heart disease prediction
model: the Korean Heart Study. BM]J Open 2014;4(05):e005025
Liu J, Hong Y, D’Agostino RB Sr, et al. Predictive value for the
Chinese population of the Framingham CHD risk assessment tool
compared with the Chinese Multi-Provincial Cohort Study. JAMA
2004;291(21):2591-2599

Nishimura K, Okamura T, Watanabe M, et al. Predicting coronary
heart disease using risk factor categories for a Japanese urban
population, and comparison with the framingham risk score: the
suita study. ] Atheroscler Thromb 2014;21(08):784-798

Hulten E, Villines TC, Cheezum MK, et al; CONFIRM Investigators.
Usefulness of coronary computed tomography angiography to
predict mortality and myocardial infarction among Caucasian,
African and East Asian ethnicities (from the CONFIRM [Coronary
CT Angiography Evaluation for Clinical Outcomes: An Interna-
tional Multicenter] Registry). Am | Cardiol 2013;111(04):
479-485

Park DW, Lee SW, Yun SC, et al. A point-of-care platelet function
assay and C-reactive protein for prediction of major cardiovascu-
lar events after drug-eluting stent implantation. ] Am Coll Cardiol
2011;58(25):2630-2639

Kim HK, Jeong MH, Seo HW, et al; Korea Acute Myocardial
Infarction Registry Investigators. Clinical impacts of high-sensi-
tivity C-reactive protein reduction for secondary prevention in
Asian patients with one-year survivor after acute myocardial
infarction. Int J Cardiol 2015;193:20-22

Sung KC, Ryu S, Chang Y, Byrne CD, Kim SH. C-reactive protein and
risk of cardiovascular and all-cause mortality in 268 803 East
Asians. Eur Heart ] 2014;35(27):1809-1816

Albert MA, Glynn R], Buring ], Ridker PM. C-reactive protein levels
among women of various ethnic groups living in the United States
(from the Women'’s Health Study). Am ] Cardiol 2004;93(10):
1238-1242

Iso H, Cui R, Date C, Kikuchi S, Tamakoshi AJACC Study Group. C-
reactive protein levels and risk of mortality from cardiovascular
disease in Japanese: the JACC Study. Atherosclerosis 2009;207
(01):291-297

Ethnic Differences in Thrombotic Profile in ACS Suh et al.

20

21

22

23

24

25

26

27

28

29

30

31

Kelley-Hedgepeth A, Lloyd-Jones DM, Colvin A, et al; SWAN
Investigators. Ethnic differences in C-reactive protein concentra-
tions. Clin Chem 2008;54(06):1027-1037

Kim HK, Tantry US, Park HW, et al. ethnic difference of thrombo-
genicity in patients with cardiovascular disease: a pandora box to
explain prognostic differences. Korean Circ J 2021;51(03):
202-221

Gijsberts CM, den Ruijter HM, Asselbergs FW, Chan MY, de Kleijn
DPV, Hoefer IE. Biomarkers of coronary artery disease differ
between Asians and Caucasians in the general population. Glob
Heart 2015;10(04):301.e11-311.e11

Lutsey PL, Cushman M, Steffen LM, et al. Plasma hemostatic
factors and endothelial markers in four racial/ethnic groups:
the MESA study. ] Thromb Haemost 2006;4(12):2629-2635
Levine GN, Jeong YH, Goto S, et al. Expert consensus document:
World Heart Federation expert consensus statement on antiplate-
let therapy in East Asian patients with ACS or undergoing PCI. Nat
Rev Cardiol 2014;11(10):597-606

Huo Y, Jeong YH, Gong Y, et al. 2018 update of expert consensus
statement on antiplatelet therapy in East Asian patients with ACS
or undergoing PCI. Sci Bull (Beijing) 2019;64(03):166-179

Kim HK, Tantry US, Smith SC Jr, et al. The East Asian Paradox: an
updated position statement on the challenges to the current
antithrombotic strategy in patients with cardiovascular disease.
Thromb Haemost 2021;121(04):422-432

Kwon O, Park DW. Antithrombotic therapy after acute coronary
syndromes or percutaneous coronary interventions in East Asian
populations. JACC Asia 2022;2(01):1-18

Gorog DA. Prognostic value of plasma fibrinolysis activation
markers in cardiovascular disease. ] Am Coll Cardiol 2010;55
(24):2701-2709

Krychtiuk KA, Speidl WS, Giannitsis E, et al. Biomarkers of coagula-
tion and fibrinolysis in acute myocardial infarction: a joint position
paper of the Association for Acute CardioVascular Care and the
European Society of Cardiology Working Group on Thrombosis. Eur
Heart ] Acute Cardiovasc Care 2021;10(03):343-355

Gorog DA, Fayad ZA, Fuster V. Arterial thrombus stability: does it
matter and can we detect it? ] Am Coll Cardiol 2017;70(16):
2036-2047

Gorog DA, Lip GYH. Impaired spontaneous/endogenous fibrino-
lytic status as new cardiovascular risk factor?: JACC review topic
of the week ] Am Coll Cardiol 2019;74(10):1366-1375

Farag M, Spinthakis N, Gue YX, et al. Impaired endogenous
fibrinolysis in ST-segment elevation myocardial infarction
patients undergoing primary percutaneous coronary interven-
tion is a predictor of recurrent cardiovascular events: the RISK
PPCI study. Eur Heart ] 2019;40(03):295-305

Ibanez B, James S, Agewall S, et al; ESC Scientific Document Group.
2017 ESC Guidelines for the management of acute myocardial
infarction in patients presenting with ST-segment elevation: the
Task Force for the management of acute myocardial infarction in
patients presenting with ST-segment elevation of the European
Society of Cardiology (ESC). Eur Heart ] 2018;39(02):119-177
Collet JP, Thiele H, Barbato E, et al; ESC Scientific Document Group.
2020 ESC Guidelines for the management of acute coronary
syndromes in patients presenting without persistent ST-segment
elevation. Eur Heart | 2021;42(14):1289-1367

Saraf S, Christopoulos C, Salha IB, Stott D], Gorog DA. Impaired
endogenous thrombolysis in acute coronary syndrome patients
predicts cardiovascular death and nonfatal myocardial infarction.
] Am Coll Cardiol 2010;55(19):2107-2115

Mehran R, Rao SV, Bhatt DL, et al. Standardized bleeding defi-
nitions for cardiovascular clinical trials: a consensus report from
the Bleeding Academic Research Consortium. Circulation 2011;
123(23):2736-2747

Thrombosis and Haemostasis © 2023. The Author(s).



Ethnic Differences in Thrombotic Profile in ACS Suh et al.

32 Kim M, Kang SH, Kim JR, et al. Comparison of shear stress-induced
thrombotic and thrombolytic effects among 3 different antith-
rombotic regimens in patients with acute coronary syndrome.
Clin Appl Thromb Hemost 2020;26:1076029620912814

33 Jeong YH, Kevin B, Ahn JH, et al. Viscoelastic properties of clot
formation and their clinical impact in East Asian versus Caucasian
patients with stable coronary artery disease: a COMPARE-RACE
analysis. ] Thromb Thrombolysis 2021;51(02):454-465

34 Kanji R, Gue YX, Farag MF, Spencer NH, Mutch NJ, Gorog DA.
Determinants of endogenous fibrinolysis in whole blood under
high-shear in patients with ST-elevation myocardial infarction.
JACC Basic Transl Sci 2022;7(11):1069-1082

Thrombosis and Haemostasis © 2023. The Author(s).

35

36

37

Spinthakis N, Farag M, Gue YX, Srinivasan M, Wellsted DM, Gorog
DA. Effect of P2Y;, inhibitors on thrombus stability and endoge-
nous fibrinolysis. Thromb Res 2019;173:102-108

Gorog DA, Yamamoto |, Saraf S, et al. First direct comparison of
platelet reactivity and thrombolytic status between Japanese and
Western volunteers: possible relationship to the “Japanese para-
dox”. Int ] Cardiol 2011;152(01):43-48

Gue YX, Inoue N, Spinthakis N, et al. Thrombotic profile and
oral anticoagulation in asian and non-Asian patients with
nonvalvular atrial fibrillation. ] Am Coll Cardiol 2019;74(22):
2822-2824





