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Abstract

Background: Platelet gene polymorphisms are associated with variable on-treatment platelet 

reactivity and vary by race. Whether differences in platelet reactivity and aspirin or ticagrelor exist 

between African-American and European-Americans remains poorly understood.

Methods: Biological samples from three prior prospective antiplatelet challenge studies at the 

Duke Clinical Research Unit were used to compare platelet reactivity between African-American 

and European-American subjects. Platelet reactivity at baseline, on-aspirin, on-ticagrelor, and the 

treatment effect of aspirin or ticagrelor were compared between groups using an adjusted mixed 

effects model.

Results: Compared with European-Americans (n=282; 50% female; mean±standard deviation 

age, 50±16), African-Americans (n=209; 67% female; age 48±12) had lower baseline platelet 

reactivity with platelet function analyzer-100 (PFA-100) (p<0.01) and with light transmission 

aggregometry (LTA) in response to arachidonic acid (AA), adenosine diphosphate (ADP), and 

epinephrine agonists (p<0.05). African-Americans had lower platelet reactivity on aspirin in 

response to ADP, epinephrine, and collagen (p<0.05) and on ticagrelor in response to AA, ADP, 

and collagen (p<0.05). The treatment effect of aspirin was greater in European-Americans with an 

AA agonist (p=0.002). Between-race differences with in vitro aspirin mirrored those seen in vivo. 
The treatment effect of ticagrelor was greater in European-Americans in response to ADP 

(p<0.05) but with collagen, the treatment effect was greater for African-Americans (p<0.05).
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Conclusions: Platelet reactivity was overall lower in African-Americans off-treatment, on 

aspirin, and on ticagrelor. European-Americans experienced greater platelet suppression on aspirin 

and on ticagrelor. The aspirin response difference in vivo and in vitro suggests a mechanism 

intrinsic to the platelet. Whether the absolute level of platelet reactivity or the degree of platelet 

suppression after treatment is more important for clinical outcomes is uncertain.
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INTRODUCTION

Antiplatelet therapy is a key component of acute coronary syndrome (ACS) treatment and 

secondary prevention of ischemic arterial diseases like myocardial infarction (MI) or stroke.
1,2,3 There is a strong association between high on-treatment platelet reactivity (HTPR) and 

recurrent thrombotic events,4,5,6,7 and a link between low on-treatment platelet reactivity 

(LTPR) and increased bleeding events.8,9,10 Platelet signaling pathways independent of or 

partially dependent on antiplatelet drug targets allow residual on-treatment platelet 

aggregation.11,12,13,14A heightened aggregatory response to physiologic platelet agonists is 

reproducible,15 heritable,16,17 and heritability is greater among individuals of African than 

of European ancestry.18 Polymorphisms in platelet-related genes, which differ in prevalence 

by race, also influence response to therapy.19,20,21,22,23

Aspirin and ticagrelor are widely prescribed for patients of all races despite data based on 

trials including overwhelmingly men of European ancestry. In the Platelet Inhibition and 

Patient Outcomes (PLATO) trial, which demonstrated clinical superiority of ticagrelor over 

clopidogrel after ACS, the ticagrelor arm was comprised of 8,566 (91.8%) patients of 

European ancestry and just 115 (1.2%) patients of African ancestry.24 Despite more 

consistent and potent effects than earlier P2Y12-inhibitors, inter-individual variation in 

platelet reactivity exists after both loading25,26,27 and maintenance13,14 dosing of ticagrelor. 

In platelet function studies, response to ticagrelor varies after stimulation with collagen or 

epinephrine platelet agonists.28,29 Aspirin prevents platelet aggregation via 

cyclooxygenase-1 (COX-1) inhibition, however, COX-1-independent pathways of platelet 

aggregation–those stimulated by adenosine diphosphate (ADP), collagen, and epinephrine–

can lead to HTPR despite aspirin compliance.12,17 Racial breakdown is not specified in 

landmark aspirin trials and thus representation is unknown.1,2,30,31

In the United States, although overall cardiovascular-related mortality has declined in recent 

decades, the rate for African-Americans has remained flat.32 The risk of recurrent 

thrombotic events is higher among individuals of African ancestry than among those of 

European ancestry.33,34 While reasons for this are likely multifactorial, the potential for 

differential response to antiplatelet medications by race has not been well studied. The goals 

of this study were to determine whether off- and on-treatment platelet reactivity differs 

between African-Americans and European-Americans and to assess whether the treatment 

response to aspirin or ticagrelor differs between these groups.
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METHODS

Study Sample

This study analyzed whole blood and platelet rich plasma (PRP) samples from three prior 

prospective antiplatelet challenge studies conducted between 2009 and 2013 at the Duke 

Clinical Research Unit (Durham, NC, USA). Clinical and demographic data collected at the 

time of enrollment was compiled within each study. All subjects were studied under similar 

experimental protocols. Studies 1 and 3 have been previously described.35 The detailed 

design, methods, and inclusion/exclusion criteria from each original study are outlined in the 

Supplement. Study cohorts included patients with specific disease profiles: healthy 

volunteers, patients with known coronary artery disease (CAD), and patients with diabetes 

mellitus (DM). From the three original antiplatelet challenge studies, only self-reported 

African-American and European-American subjects were included in our analysis. This 

study was approved by the Duke University Health System Institutional Review Board.

Sample collection and antiplatelet medication adherence

PRP and whole blood samples were collected at each study visit. Subjects were asked to fast 

and to refrain from alcohol and intensive exercise on the day of testing and from tobacco 

during the preceding 24 hours. Study drug adherence was assured and verified through 

telephone calls, patient diaries recording the date and time of each medication dose, and a 

pill count at study visits.

Platelet function testing protocols

The protocols for platelet function testing using light transmission aggregometry (LTA) area 

under the curve (AUC) (Supplement Figure 2) including the addition of in vitro aspirin35 

and the protocol for the platelet function analyzer-100 (PFA-100) (Siemens Healthineers, 

Erlangen, Germany)36 have been previously described and are detailed in the Supplement. 

For LTA AUC using PRP, the percent aggregation units were plotted over time in minutes 

(AU*min). Higher AUC values, in AU*min, reflect higher maximal and residual platelet 

aggregation. Agonists used in our study included: epinephrine 0.5, 1, and 10 micromoles/

liter (μmol/L), collagen 2 and 5 microgram/milliliter (μg/ml), ADP 1, 5, and 10 μmol/L, and 

arachidonic acid (AA) 0.5 millimoles/liter (mmol/L). To normalize pharmacokinetic 

differences, baseline samples from study 3 were tested using LTA after the addition of in 
vitro aspirin at a concentration of 53 μmol/L, which exceeds the concentration achieved in 
vivo with a 325 mg aspirin dose. Whole blood samples were tested using PFA-100. Shorter 

closure time reflects greater platelet aggregation.

Statistical Analysis

Differences in baseline characteristics between African-American and European-American 

subjects were calculated using Fisher’s exact test for categorical variables and an unpaired t-

test for continuous variables.

To determine whether platelet function varied by race, platelet reactivity was modeled as a 

function of race and the interaction of treatment and race. This linear mixed-effects model 

was fit using the maximum likelihood within each study cohort. Modeling was performed 
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for each platelet agonist and concentration (including PFA-100). Additional subgroup 

analyses were performed to compare platelet reactivity at baseline versus in vitro aspirin-

treated samples. The models controlled for age, hypertension, hyperlipidemia, coronary 

artery disease, diabetes, peripheral artery disease, sex (fixed effects) and patient (random 

effect) for each agonist.

The estimates from the linear mixed-effects model were used to calculate the pairwise 

differences of the least squares means for each study using the difflsmeans function in the 

lmerTest package for R version 3.3.2. The function metagen from the package meta was 

then used to return the fixed effects meta-analysis with inverse variance weights. All 

statistical testing was two-sided with α=0.05 and performed using R version 3.3.2.

RESULTS

Baseline Characteristics

Baseline characteristics are compared between European-American and African-American 

subjects in Table 1. African-American subjects were more likely to be female and to have 

diabetes. European-Americans were more likely to have coronary artery disease. Patients 

were adherent to the aspirin regimen: 6.2% of patients missed a single dose during the study, 

and no patients reported missing more than one dose.

Platelet reactivity by race

Platelet reactivity by race at baseline—Off-treatment, African-Americans had lower 

platelet reactivity compared with European-Americans in response to epinephrine, ADP, and 

AA with LTA and based on PFA-100 closure time (Figure 1, Supplement Table 1). 

Compared with European-Americans, platelet reactivity in African-American subjects was 

lower in response to epinephrine 1 μmol/L (95% confidence interval [CI]: −74.9, −2.1; 

p=0.03) and epinephrine 10 μmol/L (95% CI: −101.0, −23.6; p<0.01). African-American 

subjects also had lower platelet reactivity in response to ADP 5 μmol/L (95% CI: −34.5, 

−5.9; p<0.01) and AA 0.5 mmol/L (95% CI: −56.5, −18.0; p<0.01). There was a non-

statistically significant trend towards lower platelet reactivity across remaining epinephrine, 

collagen, and ADP concentrations for African-American subjects compared with European-

Americans. Correspondingly, PFA closure time was significantly longer, signifying lower 

platelet reactivity, in African-American compared with European-American subjects (95% 

CI: 4.0, 25.9; p<0.01).

Platelet reactivity by race on aspirin—Aspirin resulted in significant platelet 

suppression across all subjects assessed by both LTA and PFA-100 (Figure 1, Supplement 

Table 1).

On aspirin, African-American subjects had significantly lower platelet reactivity by LTA in 

response to all ADP concentrations and higher concentrations of epinephrine and collagen 

compared with European-Americans. Platelet reactivity was lower for African-American 

subjects on aspirin in response to ADP 1 μmol/L (95% CI: −46.8,−12.8; p<0.01), ADP 5 

μmol/L (95% CI: −41.7, −15.0; p< 0.01), and ADP 10 μmol/L (95% CI: −25.1, −1.6; 

p=0.02). Platelet reactivity was also lower in African-Americans on aspirin in response to 
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epinephrine 10 μmol/L (95% CI: −77.5, −4.9; p=0.02) and collagen 5 mg/ml (95% CI: 

−28.4, −1.1; p=0.03). There was no difference between groups on aspirin with respect to 

PFA-100 closure time.

Platelet reactivity by race on ticagrelor—Ticagrelor resulted in significant platelet 

suppression across all subjects assessed by both LTA and PFA-100 (Figure 1, Supplement 

Table 1).

On ticagrelor, African-American subjects had lower platelet reactivity by LTA in response to 

both collagen concentrations, AA, and higher concentrations of ADP and epinephrine 

compared with European-Americans. Platelet reactivity in African-Americans was 

significantly lower in response to collagen 2μg/ml (95% CI: −61.0, −14.7; p<0.01) and 

5μg/ml (95% CI: −46.9, −6.1; p=0.01). Platelet reactivity was also lower for African-

Americans in response to ADP 10 μmol/L (95% CI: −33.3, −2.4; p=0.02), epinephrine 10 

μmol/L (95% CI: −151.1, −49.0; p<0.01), and in response to AA 0.5 μmol/L (95% CI: 

−50.4, −0.1; p=0.04). There was no difference between groups on ticagrelor with respect to 

PFA-100 closure time.

Platelet aggregation by race: treatment effect

Treatment effect of aspirin by race—The treatment effect of aspirin, or suppression of 

platelet reactivity from baseline, was greater in European-American subjects than African-

American subjects (Figure 2, Supplement Table 2) with LTA in response to AA 0.5 mmol/L 

(95% CI: −53.5,−12.1; p<0.01). Compared with baseline, the change in PFA closure time on 

aspirin was significantly longer for European-Americans—indicating greater treatment 

effect—than for African-Americans (95% CI: 5.7, 28.3; p<0.01). The treatment effect of 

aspirin did not differ between African-American and European-American subjects with LTA 

in response to ADP, epinephrine, or collagen.

Treatment effect of ticagrelor by race—The treatment effect of ticagrelor differed 

between African-American and European-American subjects with LTA in response to ADP 

and collagen (Figure 2, Supplement Table 2). The degree of platelet suppression on 

ticagrelor was greater in European-American compared with African-American subjects in 

response to ADP 1 μmol/L (95% CI: −42.0, −5.8; p<0.01) and 5 μmol/L (95% CI: −46.8, 

−5.0; p=0.01). The opposite treatment effect was seen with collagen. There was a greater 

degree of platelet suppression on ticagrelor in African-American compared with European-

American subjects in response to collagen 2μg/ml (95% CI: −55.3, −2.0; p=0.03) and 

5μg/ml (95% CI: −52.6, −4.4; p=0.02). There was no difference between groups on 

ticagrelor with respect to PFA-100 closure time change from baseline.

Intrinsic platelet response to aspirin

In vitro aspirin resulted in significant suppression of platelet aggregation compared with 

baseline platelet reactivity for both African-American and European-American subjects in 

response to all agonists (p<0.01). Following in vitro addition of aspirin, platelet reactivity 

was lower in response to epinephrine 0.5 μmol/L (95% CI: −24.9, −5.0; p<0.01), ADP 5 

μmol/L (95% CI: −44.0, −9.4; p<0.01), and collagen 2 μg/ml (95% CI: −39.3, −1.3; p=0.03) 
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in African-American subjects (n=88) compared with European-American subjects (n=145), 

mirroring the main effect seen in vivo (Figure 3, Supplement Table 3). The treatment effect 

of in vitro aspirin was greater in European-Americans compared with African-Americans in 

response to AA 0.5mmol/L (95% CI: −55.9, −17.1; p<0.01), mirroring the between-race 

treatment effect with in vivo aspirin.

DISCUSSION

The major findings of this study were that platelet reactivity in African-Americans was 

lower at baseline (off-treatment) and remained lower on-treatment with aspirin or ticagrelor 

compared with European-Americans. Whether overall platelet reactivity or the degree of 

platelet suppression is more important for thrombotic and bleeding events is not clear. For 

patients on P2Y12-receptor inhibitor therapy, elevated platelet reactivity in response to ADP 

has been consistently associated with adverse outcomes,9,10,37 however, clinical outcomes 

associated with a diminished treatment response to ticagrelor have not yet been studied. We 

demonstrated differences in epinephrine, collagen, arachidonic acid (AA), and ADP-induced 

platelet aggregation between African-American and European-American subjects, which to 

our knowledge have not been previously shown. A prior study evaluating platelet reactivity 

in subjects of African and European ancestry did not find differences in response to ADP, 

AA, and collagen-related peptide, however, only a single concentration of each agonist was 

used.19 In our study, differences in platelet reactivity between groups were agonist 

concentration-dependent; this may explain why between-race differences were not seen in 

prior studies using limited agonist concentrations.

Comparing our results to prior platelet studies in individuals of African and European 
ancestry

In our study, African-Americans had lower baseline platelet reactivity than European-

Americans and this was consistent across two metrics: light transmission aggregometry 

(LTA) using platelet rich plasma (PRP) and platelet function analyzer-100 (PFA-100) using 

whole blood. This corroborates prior studies demonstrating lower off-treatment platelet 

aggregation in individuals of African ancestry compared with of European ancestry.18,38 

Whether lower baseline platelet reactivity indicates an inherent protection from thrombotic 

events among individuals of African ancestry is unclear. Higher off-treatment levels of 

spontaneous aggregation (absence of agonist) and aggregation stimulated by AA, ADP, 

epinephrine, collagen, and thrombin were predictive of thrombotic events in some 

studies39,40,41 but not predictive in others.42,43

African-American subjects in our study exhibited lower overall platelet reactivity on aspirin 

or ticagrelor in response to the majority of agonists. On aspirin, African-Americans had 

lower platelet reactivity in response to all concentrations of ADP and the higher 

concentrations of epinephrine and collagen, but notably not in response to AA. On 

ticagrelor, African-Americans had lower overall platelet reactivity in response to the highest 

dose of ADP 10 μmol/L and in response to both collagen doses, AA, and epinephrine. A 

recent ticagrelor pharmacodynamics study corroborated this finding. In response to ADP 20 

μmol/L, African-American patients with ACS exhibited lower maximal platelet aggregation 
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measured by LTA at 4 and 8 hours after a ticagrelor loading dose and after 30 days of 

ticagrelor maintenance dosing compared with a historical cohort of patients of European 

ancestry.44 The treatment effect of ticagrelor, or the difference between off- and on-

treatment platelet reactivity, was not reported.

Following treatment with aspirin or ticagrelor, respectively, absolute PFA-100 closure times 

no longer differed between African-Americans and European-Americans, likely due to the 

greater relative treatment response to aspirin and ticagrelor in European-Americans. Aspirin 

response was greater in European-Americans measured with both PFA-100 closure time and 

LTA in response to AA, the latter perhaps suggesting differences in baseline COX-1 activity 

between European-Americans and African-Americans. Bray et al. previously demonstrated 

lack of heritability for AA-induced platelet aggregation in whole blood and PRP in African-

Americans,18 which may indicate a less predictable response to aspirin. In our study, the 

between-race differences in on-treatment platelet reactivity and treatment response with in 
vitro aspirin mirrored those seen in vivo, suggesting a mechanism intrinsic to the platelet.

The treatment effect of ticagrelor differed by race in a way that was agonist-dependent. 

Treatment response to ticagrelor was greater in African-Americans compared with 

European-Americans with both concentrations of collagen. Bray et al. previously showed 

heritability of collagen-induced platelet aggregation in PRP among African-American but 

not European-American subjects.18 With the two higher concentrations of ADP, however, 

ticagrelor’s antiplatelet effect was greater in European-Americans than African-Americans. 

This is somewhat surprising given that ticagrelor is an allosteric non-competitive inhibitor of 

the ADP-P2Y12-receptor and theoretically ADP at any concentration should not 

significantly alter its effect.28,29,45 Platelet suppression by ticagrelor does, however, depend 

on intact association with receptors and a sufficient concentration of ticagrelor to occupy 

receptors; deficiencies in either area could lead to variable effects.47 The ability of ADP to 

influence P2Y12-independent pathways is possible as is the potential for biased signaling 

affecting downstream G-protein coupled receptors (GPCR).46,47

Differences in clinical outcomes between African-Americans and European-Americans

The risk of recurrent thrombotic events, such as myocardial infarction or stroke are higher 

among patients of African ancestry than European ancestry.33,34 Despite controlling for 

demographic, socioeconomic, neighborhood, and clinical factors, African-American race is 

an independent predictor of increased mortality in patients with CAD,48 suggesting that 

additional factors–including genetic influences on disease progression or response to 

therapies–may account for this difference. In a recent epidemiologic study, low-dose aspirin 

use was associated with decreased risk of ischemic cardiac death among patients of 

European ancestry but not in those of African ancestry.49 Another study showed that, despite 

higher rates of compliance with dual antiplatelet medications among African-American 

patients after drug eluting stent placement, African-American race was strongly associated 

with stent thrombosis after adjusting for comorbid conditions and socioeconomic status.50 

Large-scale studies assessing cardiovascular outcomes in patients of different racial ancestry 

on ticagrelor have not been done. While there is evidence for increased bleeding risk in 

patients of Asian ancestry on standard doses of antiplatelet medications, the data on bleeding 
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risk in other racial groups, including African-American patients, is lacking.51 Further 

research in this area is warranted.

Possible mechanisms for differences in platelet reactivity and response to therapy

The differential response to aspirin or ticagrelor between African-Americans and European-

Americans may be due to underlying genetic differences. Different allele frequencies and 

linkage disequilibrium patterns between populations of African and European ancestry have 

been identified and genetic variations specifically affecting platelet function have also been 

described.39,52,53, A single nucleotide polymorphism in the protease-activated receptor 4 

(PAR4), for example, which is more prevalent among individuals of African ancestry54 

results in a relative resistance to antiplatelet therapies targeting COX-1 and the P2Y12 

receptor.50 Single nucleotide polymorphisms in the platelet endothelial aggregation receptor 

1 (PEAR1) gene were associated with altered platelet aggregation stimulated by epinephrine, 

collagen, and ADP, suggesting that PEAR1 may be a common downstream signaling 

pathway for all three agonists.38,55,56 Prior studies have demonstrated heritability of 

epinephrine-induced,16,18,57 collagen-induced,18 and ADP-induced18 platelet aggregation. 

Although several specific genetic polymorphisms, such as those involving PAR4 and 

PEAR1, have been identified, genetic variants discovered to date account for only a small 

proportion of this heritability difference.39

We demonstrated agonist-specific differences in epinephrine, collagen, AA, and ADP-

induced platelet aggregation between African-Americans and European-Americans. Platelet 

surface receptors and key components of intracellular signaling pathways stimulated by 

these agonists could be examined as potential sources of platelet function variation in future 

studies. The G protein beta3 subunit 825T allele, which is more prevalent in individuals of 

African ancestry,58 is associated with a hyperreactive response to agonists acting through 

GPCR, including ADP and epinephrine.59,60,61 Polymorphisms of genes involved in 

collagen-mediated platelet activation, GP1BA and ITGA2, are associated with increased 

thrombotic risk and differ in prevalence by race.62 Elevated levels of von Willebrand factor 

(vWF), which aids in collagen-platelet binding, is an independent risk factor for arterial 

thrombotic events63 and individuals of African ancestry exhibit higher levels of circulating 

vWF antigen than individuals of European ancestry.64 Individuals of African ancestry also 

possess a higher number of platelet activation markers as measured by flow cytometry65 and 

have greater platelet-fibrin clot strength than those of European ancestry.66 Thus it is 

plausible that genetic or pathophysiologic differences in platelet function, response to 

antiplatelet therapies, and other hematologic variables affecting thrombosis may, at least in 

part, contribute to clinical outcome disparities.

Benefits and pitfalls of evaluating racial subgroups

We acknowledge that “race” is a non-precise term referring to a group of people sharing 

common social and phenotypic characteristics. Commonly used racial classifications such as 

African-American and European-American are insufficient descriptions of human genetic 

structure and do not effectively summarize genetic variation between and within subgroups 

of the population.67 However, many genetic markers including pharmacogenetic 

polymorphisms are strongly associated with ancestral continent of origin and self-identified 
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racial groups.68,69 Differences in treatment response by self-identified race has resulted in 

tailored cardiovascular pharmacotherapies for African-Americans with hypertension and 

with heart failure.70,71 One-fifth of new pharmaceuticals approved between 2008 and 2013, 

including ticagrelor, demonstrated racial differences in pharmacokinetics, efficacy, dosing, 

safety, or pharmacogenetics.72,73 Ignoring the existence of racial differences in allele 

frequencies, some of which contribute to disease or treatment response, may reduce 

treatment benefits for non-European populations.

Future directions

There remains much to be understood about the nuances of aspirin or ticagrelor response in 

specific subgroups of patients. A better understanding of the genetic, heritable factors, and 

social determinants influencing platelet function is important for personalization of 

antiplatelet therapies. Our hope is that the identification of agonist-specific differences in 

platelet reactivity between African-American and European-American subjects will 

contribute to the broader goal of precision-based practice of medicine in several ways. First, 

our study could serve as a starting point for future mechanistic studies focusing on candidate 

genes or gene expression profiles specific to these platelet activation and aggregation 

pathways. Agonist-dependent differences in treatment effects, particularly when present 

across multiple concentrations of an agonist, may point to race-specific variation in 

pathways of platelet activation and aggregation stimulated by these agonists. Key 

components of these pathways such as transmembrane receptors and intracellular enzymes 

could be targeted as future areas of investigation. In addition, racial diversity in genome-

wide association studies and other large-scale genomics data sets and biorepositories are 

critical.

Second, we highlight current gaps in knowledge regarding the clinical impact of differential 

response to aspirin or ticagrelor in African-American and European-American subjects, as 

shown in our analyses. These knowledge gaps could be addressed by clinical and 

epidemiological studies focusing on bleeding and thrombotic risks among African-American 

and European-American individuals taking aspirin or ticagrelor. Finally, our findings of 

between-race differences in response to aspirin or ticagrelor in an experimental setting 

support the need for increased racial diversity in clinical trials of anti-platelet therapies to 

better understand the safety and efficacy of these drugs in all patients. Continued attention to 

between-race differences in pharmacokinetics and pharmacodynamics will be essential to 

advancing our understanding of cardiovascular disease treatment and achieving the goal of 

personalized medical therapy in patients of different racial backgrounds.

Limitations

We acknowledge several limitations with respect to this study. We combined data from three 

prior antiplatelet challenge studies comprised of patient cohorts with different comorbidity 

profiles. Although centrally developed protocols were used, each study was analyzed 

individually, and results were combined using meta-analysis our approach may have 

increased heterogeneity in results. Race, ancestry, and lineage are complex constructs in 

humans and gene pooling can be quite different within self-identified racial groups. While 

the observed between-race differences seen in this study may have been underestimated or 
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diluted, on the other hand heterogeneity may have been compounded by combining three 

distinct studies. In our primary analysis, we did not account for menstrual cycles or whether 

female patients were taking hormonal contraception, which may influence the 

pharmacokinetics of aspirin and ticagrelor. While patients typically take antiplatelet agents 

for months or years, we evaluated aspirin and ticagrelor for two to four weeks. We do not 

know the extent to which the between-race differences identified in our study could change 

over time. Additionally, more than half of the aspirin exposures were at a dose of 325mg/day 

while the rest of the exposures were 81mg/day. Therefore, the extent to which our findings 

extend to low-dose aspirin are not known. Although we evaluated and adjusted for potential 

confounding variables in our analyses, we could not exclude residual confounding by 

imperfectly measured and unmeasured factors.

Conclusion

In conclusion, we have identified agonist-specific differences in platelet response to aspirin 

and ticagrelor between African-Americans and European-Americans. Although absolute 

platelet reactivity levels were lower before and after treatment with aspirin and with 

ticagrelor in African-Americans compared with European-Americans, the treatment effect of 

both aspirin and ticagrelor was more profound in European-American subjects. While this 

may suggest that aspirin and ticagrelor provide less antithrombotic protection in African-

Americans, it is uncertain whether the absolute level of platelet reactivity or the treatment 

response is more important in terms of clinical outcomes. In addition, the race-treatment 

interactions seen with different agonists in our study could point to genetic or 

pathophysiologic differences related to the agonist and its associated signaling pathways. 

Identifying where in the platelet signaling cascade racial differences emerge will further aid 

in understanding why individuals of different racial ancestry respond differently to 

antiplatelet therapies. Clinically relevant differences in on-treatment platelet reactivity and 

treatment response with respect to thrombosis and bleeding warrants further study.
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AA arachidonic acid

AUC area under the curve

AU*min percent aggregation units per minute
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ADP adenosine diphosphate

CAD coronary artery disease

COL collagen

COX-1 cyclooxygenase-1

DM diabetes mellitus

EPI epinephrine

HTPR high on-treatment platelet reactivity

LTA light transmission aggregometry

LTPR low on-treatment platelet reactivity

PFA platelet function analyzer

PLATO Platelet Inhibition and Patient Outcomes trial

PRP platelet rich plasma

vWF von Willebrand factor
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KEY POINTS:

• Platelet aggregation at baseline and in response to aspirin and ticagrelor differ 

between African-American and European-American subjects.

• Whether the absolute level of platelet aggregation or the change in platelet 

aggregation in response to treatment is more important for drug response and 

clinical outcomes is uncertain.

• Agonist-dependent differences in treatment effects may point to race-specific 

variation in pathways of platelet activation and aggregation stimulated by 

these agonists.

• Clinical and epidemiological studies evaluating racial differences in bleeding 

and thrombotic outcomes on ticagrelor or aspirin are lacking.

• Potential mechanisms underlying the differences between African-American 

and European-American subjects in off- and on-treatment platelet reactivity 

and in the treatment response to aspirin or ticagrelor warrant further study.
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Figure 1. Differences in platelet aggregation by race at baseline, after treatment with aspirin, 
and after treatment with ticagrelor.
Light transmission aggregometry values are expressed as mean area under the curve of light 

transmission aggregometry in percent aggregation units per minute minute (AU*min) with 

standard error bars. PFA-100 closure time is expressed in seconds. Significant differences 

are noted by an asterisk (*). Agonist concentrations are denoted above each frame and 

expressed as μmol/liter for epinephrine and adenosine diphosphate, as mmol/liter for 

arachidonic acid, and as μg/ml for collagen.

Abbreviations: AA, arachidonic acid; ADP, adenosine diphosphate; AU*min, percent 

aggregation units per minute; COL, collagen; EPI, epinephrine; LTA, light transmission 

aggregometry; μg/ml, microgram/milliliter; μmol/L, micromole/liter; mmol/L, millimole/

liter; PFA-100, platelet function analyzer-100
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Figure 2. Treatment effect of aspirin and ticagrelor by race using light transmission 
aggregometry and standardized in comparison to baseline platelet aggregation for each agonist, 
which is set at 0.
Values are expressed as the change in area under the curve of light transmission 

aggregometry in percent aggregation units per minute (AU*min) from baseline. Standard 

error bars are displayed, and significant differences in treatment effect are noted by an 

asterisk (*). Agonist concentrations are denoted on the left and are expressed as μmol/liter 

for epinephrine and adenosine diphosphate, as mmol/liter for arachidonic acid, and as μg/ml 

for collagen.

Abbreviations: AA, arachidonic acid; ADP, adenosine diphosphate; AU*min, percent 

aggregation units per minute; COL, collagen; EPI, epinephrine; μg/ml, microgram/milliliter; 

μmol/L, micromole/liter; mmol/L, millimole/liter
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Figure 3. Platelet response to in vitro aspirin exposure.
Values are expressed as mean area under the curve of light transmission aggregometry with 

standard error bars. Significant differences in aggregation between African-American and 

European-American subjects after the addition of in vitro aspirin are noted by an asterisk.

Abbreviations: AA, arachidonic acid; ADP, adenosine diphosphate; COL, collagen; EPI, 

epinephrine; μmol/L, micromole/liter; μg/ml, microgram/milliliter; mmol/L, millimole/liter.
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Table 1.

Baseline Patient Characteristics

European-American African-American p-value

Age (years), mean ± SD 50.2 (16.1) 48.1 (11.8) 0.11

Female (n, %) 140 (49.7%) 140 (67%) <0.01

Coronary artery disease (n, %) 41 (14.5%) 6 (2.8%) <0.01

Diabetes (n, %) 65 (23.0%) 97 (46.1%) <0.01

Hypertension (n, %) 69 (24.4%) 68 (32.5%) 0.05

Hyperlipidemia (n, %) 71 (25.2%) 53 (25.4%) 1.00

Study 1 31 (10.9%) 9 (4.3%) <0.01

Study 2 106 (37.6%) 112 (53.5%) 0.67

Study 3 145 (51.4%) 88 (42.1%) 0.05

Continuous variables are displayed as mean ± standard deviation. Categorical variables are displayed as number of participants ‘n’ (percentage of 
group).

Abbreviations: SD, standard deviation
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