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Abstract: The Clinical Pharmacogenetics Implementation Consortium (CPIC®) establishes evidence-
based guidelines for utilizing pharmacogenetic information for certain priority drugs. Warfarin,
clopidogrel and simvastatin are cardiovascular drugs that carry strong prescribing guidance by
CPIC. The respective pharmacogenes for each of these drugs exhibit considerable variability amongst
different ethnic/ancestral/racial populations. Race and ethnicity are commonly employed as sur-
rogate biomarkers in clinical practice and can be found in many prescribing guidelines. This is
controversial due to the large variability that exists amongst different racial/ethnic groups, lack
of detailed ethnic information and the broad geographic categorization of racial groups. Using
a retrospective analysis of electronic health records (EHR), we sought to determine the degree to
which self-reported race/ethnicity contributed to the probability of adverse drug reactions for these
drugs. All models used individuals self-reporting as White as the comparison group. The majority of
apparent associations between different racial groups and drug toxicity observed in the “race only”
model failed to remain significant when we corrected for covariates. We did observe self-identified
Asian race as a significant predictor (p = 0.016) for warfarin hemorrhagic events in all models. In
addition, patients identifying as either Black/African-American (p = 0.001) or Other/Multiple race
(p = 0.019) had a lower probability of reporting an adverse reaction than White individuals while on
simvastatin even after correcting for other covariates. In both instances where race/ethnicity was
predictive of drug toxicity (i.e., warfarin, simvastatin), the findings are consistent with the known
global variability in the pharmacogenes described in the CPIC guidelines for these medications.
These results confirm that the reliability of using self-identified race/ethnic information extracted
from EHRs as a predictor of adverse drug reactions is likely limited to situations where the genes
influencing drug toxicity display large, distinct ethnogeographic variability.
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1. Introduction

While the U.S. Food and Drug Administration has added pharmacogenetic informa-
tion to over 150 drug labels (https://www.fda.gov/drugs/science-and-research-drugs/
table-pharmacogenomic-biomarkers-drug-labeling, accessed on 10 May 2021), the clinical
implementation of this guidance is limited at best. As a result, the Clinical Pharmaco-
genetics Implementation Consortium (CPIC®) was created to establish peer-reviewed,
evidence-based guidelines for utilizing the results from pharmacogenetic (PGx) tests. CPIC
guidelines are conservative and aimed at providing a clinical decision framework for the
utilization of PGx to guide pharmacotherapy for certain “priority” drugs. Among the
prioritization of CPIC recommendations, drug/gene pairs with Level A notation indicate
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that “genetic information should be used to change prescribing of affected drug”. Hence,
drugs with Level A evidence possess CPIC’s strongest prescribing recommendations.

There exists large disparities between various racial/ethnic/ancestral groups for both
cerebrovascular/cardiovascular disease risk as well as response to pharmacotherapeutic
interventions for these conditions [1-5]. Recent work in the field of pharmacogenomics
has increasingly focused on the identification of ethnicity /population-specific variation
in drug metabolizing and drug target genes that can help account for these differences.
For example, individuals identifying as having African ancestry have a higher risk of
developing cardiovascular disease (CVD) than individuals of European-American ancestry
(EA) [1]. African-Americans (AAs) have a higher on-treatment platelet reactivity with
antiplatelet drugs such as clopidogrel, suggesting a pharmacogenetic variation in drug
metabolism [6]. Observations of differential racial or ethnic risk of disease/treatment
failure is not only limited to thrombotic disease. For instance, Asian ancestry confers a
higher risk for intracerebral hemorrhage (ICH) amongst all ethnicities worldwide. In the
US, AAs also carry a greater risk of ICH than individuals of European ancestry [7].

There are three cardiovascular drugs that carry Level A prescribing guidance by CPIC:
warfarin, clopidogrel and simvastatin. Warfarin is an oral anticoagulant that targets Vitamin
K oxidoreductase complex 1 (VKORC1) thereby preventing the carboxylation/activation
of clotting factors. A large amount of research supports variation in CYP2C9 and VKORC1
significantly contributing to both the warfarin dose and incidence of severe toxicity (i.e.,
intracerebral hemorrhage) [8]. Clopidogrel, a prodrug, is an anti-platelet agent that targets
the P2Y12 adenosine receptor. CPIC guidance on clopidogrel focuses on the impact of
CYP2C19 variation and treatment response in patients with acute coronary syndrome
(ACS) undergoing percutaneous coronary intervention (PCI). Simvastatin is an HMG-
CoA reductase inhibitor used for the treatment of hypercholesterolemia. While generally
well-tolerated, simvastatin use has been associated with myalgias, myopathy and, in rare
cases, thabdomyolysis [9,10]. While the frequency of reported statin-associated myalgias is
no different than placebo [11,12], severe muscle toxicity has been associated with allelic
variation in the SLCO1B1 (OATP1B1) gene [10] which facilitates hepatic uptake of the drug.

The use of race and ethnicity in medicine is controversial due to the large variability
amongst different racial /ethnic groups, lack of detailed ethnic information, the co-existence
of social and environmental determinants of health, and the broad geographic categoriza-
tion of “racial” groups (i.e., Asian, African). Yet, race and ethnicity are still employed as
surrogate biomarkers in clinical practice [13,14] including in many US FDA prescribing
guidelines [15]. For each of the drugs described above, considerable variability amongst
different ethnic/ancestral/racial populations [16-20] exists within their respective phar-
macogenes covered in the CPIC guidelines. Given this variability, and its potential impact
on drug response and toxicity, we sought to determine the degree to which race/ethnicity
contributed to the frequency of adverse drug reactions for these priority drugs. We per-
formed a retrospective analysis of electronic health records (EHR) for these drugs from a
large, diverse medical center in Washington, DC.

2. Materials and Methods
2.1. Subject Recruitment

The study was considered exempt by the George Washington University Institutional
Review Board (GWU IRB #NCR202660). We extracted all data from the GWA query that
was developed to screen for patients at the George Washington University Medical Center
Medical Faculty Associates EHR (Allscripts) using a drug-specific query. We extracted
all data from the patients” EHR. Inclusion criteria included in the study were >18 years
of age and on at least one of the study drugs during the time period 2016-2020. For
eligible subjects, we collected demographic information data (age, type of insurance if any,
self-reported race and ethnicity), clinical data (BMI) and presence or absence of clinically
significant drug interactions and outcomes (see Appendix A, Table A1).
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2.2. Statistical Analyses

Inference was conducted independently for each of the warfarin, clopidogrel, and
simvastatin patient samples. The warfarin and clopidogrel patient samples featured two
primary endpoints of interest: any hemorrhaging events, and any adverse events (includ-
ing hemorrhaging). The simvastatin sample only featured adverse outcomes, excluding
hemorrhage, as an endpoint. For each sample and endpoint, an initial logistic regression
featuring only race and ethnicity as predictors was fit to determine if there were any unad-
justed differences in risk profiles between racial groups. After the baseline regressions were
fit, a series of logistic regressions were conducted to account for other clinical covariates.
These regressions featured main effect and interaction terms for race and ethnicity, as
well as age, body mass index (BMI), and indicators for diabetes, hypertension, coronary
artery disease, chronic obstructive pulmonary disease, high creatinine levels, high alanine
aminotransferase (ALT) levels, other prescription drug use, alcohol use, and tobacco use. A
series of prespecified tests were then conducted for each of these adjusted regressions to
test for the importance of groupwise race and ethnicity interactions, high ALT values, and
groupwise race and ethnicity effects. Due to missing patient data for the high creatinine
and high ALT indicators, adjusted regressions were performed on ten imputed datasets for
each sample, with imputation being performed through logistic regressions. Due to the
imputation scheme, groupwise statistical tests were conducted using Rubin’s likelihood
ratio test and Rubin’s Wald test, while individual predictors were assessed using Rubin’s
Wald test.

3. Results

After adjusting for multiple entries for patients during the five-year period, we ob-
tained 2139, 4190 and 11,522 records for warfarin, clopidogrel and simvastatin, respectively.
The descriptive statistics for each drug group are provided in Table 1. Similar covariates
were obtained for each population. The primary endpoints for warfarin and clopidogrel
were total number of bleeding events and adverse drug reactions. For simvastatin, we
explored the total number of reported adverse events as our primary clinical endpoint.
This was inclusive of myopathic events which were found to be unrelated to simvastatin
exposure (data not shown). The individual ICD-10 codes and list of clinically significant
drug interactions included in our models are provided in Appendix A, Table Al. Impor-
tantly, we utilized racial/ethnic information exactly as provided in the electronic health
record (EHR) for our analyses. All comparisons in the study were made within each drug
group using the self-identified White population as the reference group for our analyses.

Table 1. Characteristics of study populations.

Variable Warfarin Clopidogrel Simvastatin
N= 2139 4190 11,522
Age (y) 715 (15.1) 71.9 (12.3) 69.5 (12.3)
BMI 29.7 (7.7) 29.1 (6.4) 29.6 (6.6)
Male 60.1% 62.4% 50.2%
Female 39.9% 37.6% 49.8%
Race
Whi/:erg Eﬁgﬁean’ 47.1% 35.3% 40.0%
Black/African-American 28.8% 36.2% 28.9%
Unknown/Declined Race 13.9% 13.4% 14.0%
Other/Multiple Race 6.4% 9.0% 10.2%

Asian 3.8% 6.2% 7.0%
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Table 1. Cont.

Variable Warfarin Clopidogrel Simvastatin
Diabetes
No 84.5% 68.5% 73.8%
Yes 15.5% 31.6% 26.2%
Hypertension
No 70.1% 51.7% 61.8%
Yes 29.9% 48.3% 38.2%
CAD
No 90.0% 58.7% 95.0%
Yes 10.0% 41.3% 5.1%
COorD
No 96.4% 95.4% 97.9%
Yes 3.6% 4.6% 2.1%
Alcohol
Abuse/Dependence
No 96.4% 96.3% 95.9%
Yes 3.6% 3.7% 4.1%
Tobacco Use
No 97.6% 95.3% 97.1%
Yes 2.4% 4.7% 2.9%
Creatinine (>1 mg/dL)
No 83.2% 75.1% 88.7%
Yes 16.8% 24.9% 11.3%
ALT (>50)
No 96.9% 96.4% 98.8%
Yes 3.1% 3.6% 1.2%
NSAID Use
No 67.2% 82.3% na
Yes 32.8% 17.7% na
Any Drug Interaction
No 89.2% 72.2% 73.8%
Yes 10.9% 27.8% 26.2%
Outcomes
Hemorrhage/Bleeding
Event
No 96.5% 97.2% na
Yes 3.5% 2.8% na
Any Adverse Outcome
No 90.3% 86.7% 99.1%
Yes 9.7% 13.3% 0.9%

Abbreviations: BMI-body mass index; COPD- chronic obstructive pulmonary disease, CAD-coronoary artery
disease, ALT-alanine aminotransferase, NSAID- non-steroidal anti-inflammatory drug.
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3.1. Warfarin

Warfarin has an extremely narrow therapeutic index and exhibits a large degree of het-
erogeneity for both treatment outcome and adverse events [8,21]. Bleeding/hemorrhagic
events associated with suboptimal warfarin dosing are associated with significant mor-
bidity and mortality [19,22,23]. We focused on comparing the frequency of both overall
adverse events and hemorrhagic complications between different racial/ethnic groups
compared to self-identified White patients. Co-variates for the warfarin group included
hypertension (29.9%), diabetes (15.5%), coronary artery disease (CAD, 10%), impaired
hepatic function (alanine aminotransferase (ALT); 3.1%), impaired renal function (crea-
tinine clearance >1 mg/dL; 16.8%) and chronic obstructive pulmonary disease (COPD,
3.6%). Tobacco use and alcohol dependence/abuse was present in 2.4% and 3.6% of the
subjects, respectively. Warfarin, a CYP2C9 substrate, has many potential drug interactions.
Nearly 11% of subjects were prescribed medications with the potential of causing clinically
significant interactions with warfarin. Almost a third of patients were also prescribed an
NSAID according to the EHR (32.8%).

The frequency of patients experiencing any adverse event was significantly higher
(p = 0.014) for individuals identifying as Black/African-American (compared to White race)
in the race-only model (Figure 1A). However, this difference disappeared when correcting
for the covariates (Table 2). In the Asian group (3.8% of the group), the probability of
experiencing any hemorrhagic complication while taking warfarin was significantly higher
than the White group (p = 0.007) (Figure 1B). This risk persisted when correcting for all
covariates (Table 3). Female gender (p = 0.022), diabetes (p = 0.019), coronary artery disease
(p = 0.002), chronic obstructive pulmonary disease (p = 0.015) and concurrent NSAID usage
(p = 0.001) were all marginally associated with a greater risk of warfarin adverse drug
reactions. Hypertension and elevated creatinine levels were strongly associated with both
warfarin adverse events as well as bleeding risk.
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Figure 1. Race-only model for warfarin adverse events and bleeding events. Shown is the probability of experiencing any
adverse outcome (A) or bleeding events (B) while taking warfarin based on race only. All comparisons used the White
group as the reference.
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Table 2. Logistic regression model for any warfarin adverse drug reactions relative to
White/European-American patients *.

Estimate SE Statistic p-Value
Intercept —3.388 0.631 —5.370 8.76 x 1078
Asian 0.283 0.378 0.747 0.455
Bla;l;/e‘i‘ifcr;;a“' —0.019 0.194 —0.097 0.922
Other Race 2 0.360 0.324 1.111 0.267
Unknown Race P —0.047 0.298 —0.160 0.873
HiSpgrt‘}i;?Cri;a“m —0.226 0.398 —0.566 0.571
Unknown Ethnicity —0.330 0.186 —1.776 0.076
Female 0.369 0.160 2.300 0.022
Age 0.005 0.006 0.787 0.431
BMI —0.009 0.011 —0.863 0.388
Diabetes 0.450 0.191 2.355 0.019
Hypertension 0.847 0.171 4.958 7.68 x 1077
CAD 0.634 0.207 3.055 0.002
COPD 0.729 0.300 2.425 0.015
Alcohol 0.492 0.369 1.333 0.183
Tobacco 0.547 0.384 1.424 0.155
(S{e;gr}ﬁf) 0.793 0.192 4130 443 x 1075
NSAID Usage 0.558 0.161 3.460 0.001
Any Drug Interaction 0.135 0.223 0.605 0.545

# Patients self-identifying as White/European were used as the reference group for all comparisons. ? Other
race includes aggregates of racial groups with small numbers or those with multiple races/ethnicities indicated.
b Unknown race includes patients who declined to identify with any racial group.

Table 3. Logistic regression model for hemorrhage associated with warfarin use relative to
White/European-American patients #.

Estimate SE Statistic p-Value

Intercept —-3.996 0.954 —4.190 291 x 1075
Asian 1.120 0.463 2.421 0.016
Bljfn/e‘i‘f;a“' —0.083 0.314 —0.264 0.791
Other Race 2 0.778 0.467 1.668 0.096
Unknown Race P 0.337 0.467 0.722 0.471
Female Gender —0.146 0.257 —0.568 0.570
HiSp;E;;’Cri t‘;atino —0.554 0.649 —0.853 0.394
Unknown Ethnicity —0.591 0.305 —-1.937 0.053
Age —0.005 0.009 —0.527 0.598

BMI 0.010 0.016 0.604 0.546
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Table 3. Cont.

Estimate SE Statistic p-Value

Diabetes 0.166 0.300 0.552 0.581
Hypertension 0.989 0.272 3.642 2.77 x 1074

CAD 0.542 0.322 1.682 0.093

COPD 0.299 0.502 0.596 0.551

Alcohol —0.222 0.739 —0.301 0.764

Tobacco 0.585 0.563 1.039 0.299

(Slre;t;%‘; 0.798 0.283 2.820 0.005

NSAID Usage 0.227 0.256 0.886 0.376

Any Drug Interaction —0.030 0.366 —0.082 0.935

# Patients self-identifying as White/European were used as the reference group for all comparisons. # Other
race includes aggregates of racial groups with small numbers or those with multiple races/ethnicities indicated.
b Unknown race includes patients who declined to identify with any racial group.

3.2. Clopidogrel

The study population was mostly Black/African-American (36.2%), followed by 35.3%
of patients reporting as White, 13.4% identifying as Unknown/Declined, 9.0% identifying
as Other/Multiple races and 6.2% identifying as Asian (Table 1). Clinically significant
comorbidities for the clopidogrel population included hypertension (48.3%), coronary
artery disease (CAD, 41.3%), diabetes (31.6%) and elevated creatinine (16.8%). Concurrent
tobacco use and alcohol dependence/abuse was present for 4.7% and 3.7% of the subjects,
respectively. We found that 27.8% of subjects had co-exposures to clinically significant
interacting drugs and 17.7% were prescribed an NSAID.

Similar to warfarin, the most severe adverse outcome to clopidogrel is bleeding/ hem-
orrhage events [20]. In addition, clopidogrel under-dosing has been associated with treat-
ment failure related to CYP2C19 metabolizer status [24,25]. The marginal probabilities of
experiencing any adverse outcome was significantly higher in self-identified Black/African-
American patients (p = 0.088) in the race only model (Figure 2A). Of note, respondents with
an unknown race (p = 0.036) were significantly less likely to report an adverse event. Similar
to warfarin, race was no longer a significant predictor after correcting for the covariates
(Table 4). Factors associated with adverse events on clopidogrel included: hypertension
(p = 0.015), tobacco usage (p = 0.021), elevated serum creatinine (p = 0.0003), NSAID usage
(p = 0.001), concomitant NSAID usage (p = 0.001) and any drug interaction (p = 0.009). The
latter predictor was insignificant when concomitant NSAID use was omitted from the
model. In contrast, female gender (p = 0.006), diabetes (p = 0.014) and age (1.05 x 10~°)
were less likely to report an adverse outcome with clopidogrel (Table 4). We found that
patients reporting as Black/African-American exhibited a greater likelihood of experienc-
ing a bleeding event (Figure 2B) which did not remain predictive when we corrected for
other covariates (Table 5). In this cohort of patients, hypertension (p = 6.24 x 10~3), COPD
(p = 0.022), tobacco use (p = 0.05), and elevated serum creatinine (p = 0.004) were associated
with an increased risk of a bleeding event regardless of race/ethic group (Table 5). While
not the focus of the current investigation, we found no reports of treatment failure (based
on ICD-10 code) in the study population (data not shown).
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Figure 2. Race-only model for clopidogrel adverse events and bleeding events. Shown is the probability of experiencing

any adverse outcome (A) or bleeding events (B) while taking clopidogrel based on race only. All comparisons used the

White group as the reference.

Table 4. Logistic regression model for adverse drug reactions associated with clopidogrel use relative

to White/European-American patients #,

Estimate SE Statistic p-Value

Intercept —0.987 0.441 —2.238 0.025
Asian —0.297 0.234 —1.269 0.204
Blaﬁl/e‘;fcr;;a“' 0.016 0.124 0.133 0.894
Other Race —0.099 0.193 —0.514 0.607
Unknown Race P —0.099 0.185 —0.533 0.594
Hispanic or :;aﬁ“o 0.023 0.247 0.094 0.925
Unknown Ethnicity —0.134 0.115 —1.168 0.243
Female —0.300 0.110 —2.730 0.006

Age —0.021 0.004 —4.890 1.05 x 107°
BMI —0.014 0.008 —-1.775 0.076
Diabetes —0.275 0.111 —2.466 0.014
Hypertension 0.269 0.111 2.434 0.015

CAD 1.471 0.110 13.407 0.00

COPD 0.314 0.196 1.603 0.109
Alcohol 0.073 0.248 0.296 0.767
Tobacco 0.432 0.188 2.304 0.021
Creatinine 0.443 0.119 3.713 0.0003

(>1mg/dL)
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Table 4. Cont.

Estimate SE Statistic p-Value
NSAID Usage 0.395 0.117 3.389 0.001
Any Drug Interactions 0.438 0.167 2.622 0.009

# Patients self-identifying as White/European were used as the reference group for all comparisons. ? Other
race includes aggregates of racial groups with small numbers or those with multiple races/ethnicities indicated.
b Unknown race includes patients who declined to identify with any racial group.

Table 5. Logistic regression model for hemorrhage on clopidogrel relative to White/European-
American patients *.

Estimate SE Statistic p-Value

Intercept —3.936 0.898 —4.382 121 x 107°
Asian —0.768 0.612 —1.255 0.209
Bla;ge‘;ir;ia“' 0.185 0.239 0.777 0.437
Other Race —0.767 0.519 —1.478 0.140
Unknown Race P —0.089 0.412 —0.215 0.830
Female —0.228 0.210 ~1.086 0.278
HiS%i“hniCié ir;;ﬁ“o 0.438 0.484 0.905 0.366
Unknown Ethnicity —0.314 0.235 ~1.336 0.182
Age —0.006 0.009 —0.707 0.480
BMI —0.011 0.015 —0.721 0.471
Diabetes —0.091 0.207 —0.439 0.661

Hypertension 0.998 0.249 4.008 6.24 x 107°
CAD 0.391 0.204 1916 0.055
COPD 0.687 0.299 2.297 0.022
Alcohol —0.117 0.491 —0.238 0.812
Tobacco 0.589 0.300 1.964 0.050
Cre;zr}ié‘i)(ﬂ 0.601 0.206 2.916 0.004
NSAID Usage 0.522 0.209 2.504 0.012
Any Drug Interaction 0.930 0.261 3.561 0.0004

# Patients self-identifying as White/European were used as the reference group for all comparisons. ® Other
race includes aggregates of racial groups with small numbers or those with multiple races/ethnicities indicated.
b Unknown race includes patients who declined to identify with any racial group.

3.3. Simvastatin

Given the broad indication of statins for the treatment of dyslipidemia, the great-
est number of subjects (n = 11,522) were present in the simvastatin group. The popu-
lation consisted of White (40.0%), Black/African-American (28.9%), Asian (7.0%), Un-
known/Declined (14.0%) and Other/Multiple race (10.2%). (Table 1) The largest comor-
bidity for the simvastatin group was hypertension (38.2%). Other comorbid conditions
included diabetes (26.2%), coronary artery disease (5.1%), elevated creatinine (11.3%) and
alcohol use/dependence (4.1%). We found that 27.8% of subjects had been prescribed
clinically significant interacting drugs.

The major adverse event for simvastatin intolerance is clinically significant myopathy
and, in rare cases, rhabdomyolysis [9,10]. The former has been determined to be no greater
than a placebo effect in the absence of elevated creatinine kinase levels [9,12]. However,
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either myopathy and/or rhabdomyolysis, in the presence of elevated enzyme levels, has
been determined to be related to pharmacogenetic variation in the SLOC1B1 gene [10].
When considering race alone, the probability of experiencing any adverse outcome while
taking simvastatin was the same across all racial/ethnic groups (Figure 3). However, we
found that being either of Black/African-American race (p = 0.001) or of Other/Multiple
race (i.e., p = 0.019) was associated with a lower probability of reporting an adverse reaction
while on simvastatin (Table 6) when correcting for all covariates. Furthermore, the only
covariates that were significantly associated with an increased probability of adverse
reactions were lower age (p = 0.00004) and having comorbid hypertension (p = 0.00003).
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Figure 3. Race-only model for simvastatin adverse events. Shown is the probability of experiencing
any adverse outcome while taking simvastatin based on race only. All comparisons used the White
group as the reference.

Table 6. Logistic regression model for any simvastatin adverse drug reactions relative to
White/European-American patients *.

Estimate SE Statistic p-Value
Intercept —2.761 0.774 —3.568 0.0004
Asian —0.757 0.477 —1.586 0.113
Blfﬁ{eﬁfcr;;an' —0915 0.265 —3.458 0.001
Other Race @ —0.976 0.416 —2.348 0.019
Unknown Race P —0.547 0.364 —1.503 0.133
Female 0.054 0.203 0.267 0.789
Age —0.034 0.008 —4.128 0.00004
BMI 0.008 0.014 0.560 0.576
Diabetes 0.144 0.230 0.625 0.532
Hypertension 0.937 0.224 4.192 0.00003
CAD 0.275 0.404 0.682 0.495
COPD —0.905 1.012 —0.894 0.371

Alcohol —0.458 0.592 —0.774 0.439
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Table 6. Cont.
Estimate SE Statistic p-Value
Tobacco —0.503 0.721 —0.698 0.485
Creatinine (>1
mg/dL) 0.524 0.282 1.860 0.063
Any Drug Interaction 0.011 0.230 0.047 0.962

# Patients self-identifying as White/European were used as the reference group for all comparisons. * Other
race includes aggregates of racial groups with small numbers or those with multiple races/ethnicities indicated.
P Unknown race includes patients who declined to identify with any racial group.

4. Discussion

Heterogeneity in drug response is a common issue in all areas of medicine. Although
identification of factors accounting for this variability is far from complete, key pharmaco-
genetic factors that influence their efficacy and/or toxicity have been identified for many
drugs. For those factors related to genetic variation, CPIC was established to provide
evidence-based guidance to practitioners for certain drug:gene pairs (https://cpicpgx.org,
accessed on 10 April 2021). Extensive genetic variability exists within the human pop-
ulation for most, if not all, of the pharmacogenes covered in the CPIC guidelines. This
variability has in part contributed to the use of race and ethnicity in clinical prescribing
guidelines [14]. Here, we have examined the degree to which self-identified race may con-
tribute to the probability patients will experience adverse events with three cardiovascular
drugs carrying the strongest prescribing recommendations by CPIC. The results suggest
that apparent associations between race and adverse events is highly drug-specific and
is oftentimes superseded by other clinical and environmental factors (i.e., clopidogrel).
However, in a few instances self-reported race appears to be a significant predictor of
drug toxicity in lieu of other covariates (i.e., warfarin bleeding risk in Asians and lower
simvastatin adverse events in AA). In these situations, the associations are consistent with
known heterogeneity for the relevant pharmacogenes covered in the CPIC guidelines.

The probability of experiencing any adverse drug reaction with warfarin was not
associated with a specific race/ethnic group when corrected for comorbidities except in
self-identified Asian patients. Consequently, the widespread use of race for the purpose of
predicting adverse reactions to warfarin is not warranted based on our study. Predictably,
we found that the known risk factors for warfarin toxicity (i.e., hypertension, CAD, COPD,
renal impairment, and NSAID usage) [23], in addition to female gender, were significant
predictors of warfarin adverse outcomes (Table 2). Diabetes (Type I or II) diagnosis was also
associated with an increased probability of experiencing any adverse event while taking
warfarin (Table 2). This is potentially related to either the significant pharmacokinetic
interactions between warfarin and some antidiabetes drugs [26] and /or other comorbidities
(i.e., hypertension) commonly present in diabetic patients. When we focused on the
probability of experiencing any bleeding events while taking warfarin, we observed that
hypertension and renal impairment both increased probability (Table 3) which is consistent
with other findings [23]. The likelihood of having a bleeding event on warfarin was
significantly higher in self-identified Asian individuals in both the race-only and full
regression models (Figure 2, Table 3). A possible explanation for this finding might be
related to the higher frequency of carriers of the VKORCI haplotypes which confer a
low-dose warfarin phenotype in Asian populations [17,27] potentially increasing the risk
of warfarin toxicity [19,28]. Although there is a large degree of ethnogeographic variation
amongst different Asian populations [27], there is an overall greater number of “low
dose” VKORCI genotypes in Asians compared to other populations [29]. For example, the
frequency of the —1639 CC/CT (rs9923231) and 1173 GG/GT (rs9934438) alleles, which
have lower warfarin dose requirements, are much higher in the Chinese vs. Caucasian
populations [29]. Hence, apparent associations between self-identified Asian race and
warfarin bleeding risk are plausible and consistent with the known pharmacogenetics of
this drug.
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Both the U.S. FDA [30] and CPIC [31] warn of therapeutic failure of clopidogrel for pre-
venting thrombotic events in individuals who are CYP219 poor metabolizers. There is con-
siderable worldwide variability within the CYP219 gene suggesting that certain ethnic or ge-
ographically distinct populations may potentially have high on-treatment platelet reactivity
with this drug [32,33] or potentially greater risk of adverse events [33]. Similar to warfarin,
we did not find that race was associated with any adverse events (Figure 2A; Black/African-
American) or bleeding events (Figure 2B; Black/ African-American, Other/Multiple race)
while taking clopidogrel when corrected for covariates. (Tables 4 and 5). Given that many
clinical covariates already implicated in predicting clopidogrel response [32] were signifi-
cantly predictive of both clopidogrel adverse events (Table 4) and bleeding events (Table 5),
any apparent associations between race and drug toxicity are better explained by these
factors in this study population. Lastly, the primary clinical endpoints of this study focused
on adverse events and not treatment failure (i.e., thrombotic events). It is likely that race
and ethnicity are not surrogates for any genetic factors that influence the likelihood of
experiencing adverse events while taking clopidogrel.

While all statins carry a small risk of myopathy and elevations in creatinine kinase and
transaminase levels, simvastatin still has a relatively favorable safety profile [9], which is
consistent with the low percentage of adverse events (0.9%) observed in this investigation
(Table 6). In contrast to both warfarin and clopidogrel, the race-only model for simvastatin
failed to yield any associations with adverse events (Figure 3). However, patients identify-
ing as Black/ African-American or of Other/Multiple race were significantly less likely to
report an adverse event (Table 6) compared to self-reported White individuals when con-
sidering all other covariates. To the best of our knowledge, this is the first study to report
such an association. Given the relatively small number of adverse events, these results are
somewhat surprising and likely benefited from the relatively large sample size (n = 11,522).
The hepatic uptake of simvastatin is mediated by the organic anionic transporter SLCO1B1
and associations between lower activity SLCO1B1 allelic variants and simvastatin my-
opathy has been observed [34]. Consequently, CPIC recommends either dose-reduction
or switching to an alternative statin (i.e., pravastatin, rosuvastatin) for patients carrying
decreased function SLCO1B1 alleles [10]. Interestingly, the African population has a lower
frequency of SLCO1B1 alleles conferring lower transporter activity [16,34]. For example,
the SLCO1B1*15 allele occurs in approximately 2.9% of Africans and 13% of Europeans and
the SLCO1B1*5 allele (2.8% of Europeans) has not been detected in African populations [35].
Moreover, individuals of European ancestry have a greater area under the curve (AUC)
and slower clearance for pravastatin than African-Americans [36]. While we have no
information on SLCO1B1 genotype in our study population, it is possible that individuals
identifying as Black/African-American in this study were less likely to carry decreased
functioning SLCO1B1 alleles relative to the “White” patients taking simvastatin. However,
it is equally possible that environmental /nongenetic factors can account for this discrep-
ancy in adverse events. For example, Black/ African-American and /or Other /Multiple race
patients could have been less likely to report adverse reactions or seek medical care while
taking simvastatin. Indeed, racial disparities in adverse drug reactions have been observed
in other studies [5,28]. As a result, these findings require further detailed investigation.

This study has several strengths including its diverse study population (>50% of
patients identified as non-White) and the relatively large sample size of each drug group.
However, there are several limitations to the study that warrant discussion. First and
foremost, we have relied on EHRs for all of our analyses. These are inherently incomplete
and oftentimes lack detailed information. We also utilized ICD-10 codes for our endpoints,
and many covariates, which are frequently nonspecific and somewhat subjective. In
addition, many studies have highlighted the limited usefulness of social constructs such
as race and ethnicity data in retrospective studies. Indeed, the self-reported racial and
ethnic information present in the EHR lacks granular information on specific racial and
ethnic subgroups that would have strengthened this investigation and the validity of its
conclusions. Along these same lines, we were unable to obtain genotypic information on
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the relevant pharmacogenes for each drug which would have allowed analysis to include
genetic predisposition in addition to race/ethnicity. Similarly, we lacked DNA /data on
ancestry informative markers as a more accurate index of self-reported race and ethnicity
which would have more accurately characterized the ethnogeographic composition of our
study population. Consequently, the broad categorization of race/ethnicity in the EHR is
somewhat reflected in the large variability of probabilities observed in the race-only models.
Taken together, any of the observed correlations between self-reported race/ethnicity and
adverse treatment outcome may not be applicable to other populations in more rural areas
and/or datasets that contain more detailed ethnoracial information.

The use of race and ethnicity in clinical decision-making and in U.S. FDA package
inserts are controversial given that they do not adequately reflect subgroup populations and
are confounded by social determinants of health and health inequities. This being said, both
terms are often used as surrogate genetic markers of disease risk and therapeutic outcome.
This work highlights the somewhat limited biological value of utilizing race and ethnicity
as predictors of drug toxicity. As we have shown, apparent associations between adverse
drug outcomes and race can often be explained by other clinical (i.e., co-morbidities)
and environmental (i.e., drug interactions, tobacco usage) factors. In certain situations
where the variability of pharmacogenes is geographically diverse, race/ethnicity may be
informative variables to include along with other factors commonly used in therapeutic
decision-making (i.e., liver /kidney function, BMI) for predicting ADRs. While interesting,
the results of this study require further prospective analyses in large, diverse populations
accompanied by biological samples that will help yield genetic factors that can potentially
account for the findings observed in this investigation.
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Appendix A
Table A1l. List of International Classification of Diseases, 10th Revision (ICD-10) codes for co-variates, drug interactions and clinical endpoints.
Diagnostic Alcohol Presence of Bleeding Events/ Other Adverse
Drug Diabetes HTN CAD COPD Abuse/ Tobacco Use Interacting Medications Events/Treatment
Codes D Implants/Grafts Hemorrhage .
ependence Failure
aspirin, diclofenac, amiodarone,
clopidogrel, ibuprofen,
indomethacin, ketoprofen, D69.9, 161, 162, K92.2,
naproxen, sulindac, cimetidine, K92.0, R04.9, R04.8,
148, G45. 163 110, 111, T12 clofibrate, fluoxetine, primidone, K92.1, R58, D69, 131.2, D72.819, R21, N14.4,
Warfarin f82 12/6 ’ E10, E11 113/ 115’ 116/ 125 J44 F10 772.0 na rifamycin, carbamazepine, 160, 185.0, K25.0, K26.0, K75.9, 196, 170.26, 173,
4 g sulfinpyrazone, oxcarbazepine, K27.0,K52.1, K62.5, A48.0,1.88
phenytoin, valproic acid, K66.1, M25.0, N92.4,
fenofibrate, gemfibrozil, tamoxifen, N93, R04.1
zafirlukast, dabigatran,
rivaroxaban, apixaban, edoxaban
cimetidine, fluoxetine, ticlopidine, D69.9, 161, 162, K92.2,
fluconazole, ketoconazole, K92.0, R04.9, R04.8,
7955, 795.818 voriconazole, warfarin, K92.1, R58, D69, 131.2, DC%414’]:)G£45A;1’T]§§18%
Clopidogrel 125,170, 173, E10, E11 110, 111. 112, 25 T44 F10 772.0 795.820, 795.828, rivaroxaban, 'aplxaban, dabigatran, 160, 185.0, K25.0, K26.0, T82.855, TS2.857,
163, G45 113,115, 116 edoxaban, diclofenac, ketoprofen, K27.0,K52.1, K62.5,
Z95.9 . . 3 T82.858, T82.867,
ibuprofen, indomethacin, K66.1, M25.0, N92.4, T82.868
naproxen, sulindac, etravirine, N93, R04.1, R31, S06.4, ’
felbamate, ticagrelor, prasugrel S06.5, S06.8
voriconazole, itraconazole T88.6, T88.7, T50.905,
gemfibrozil, c;u‘bamazepiné, T,;L7686é KY81;533/Y£§16,Y£728’
Simvastatin /& 125,170, E10, E11 110, 111, T12, 25 J44 F10 772.0 na oxcarbazepine, primidone, na Y88, G72.0, G72.9,
phenytoin, amiodarone, fenofibrate, G72.89. R74.0, K711

173

113115, I16

tamoxifen, valproic acid,
zafirlukast, amlodipine, diltiazem

K71.2,K71.6,K71.9,
K72.0,K72.9

Abbreviations: HTN—hypertension, CAD—coronary artery disease, COPD—chronic obstructive pulmonary disease. A code marked with an asterisk (*) represents the symptoms or manifestations of a disease.



J. Pers. Med. 2021, 11, 1226 15 of 16

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Centers for Disease Control and Prevention. Disparities in premature deaths from heart disease—50 States and the District of
Columbia, 2001. MMWR Morb. Mortal. Wkly. Rep. 2004, 53, 121-125.

Thomas, K.L.; Honeycutt, E.; Shaw, L.K.; Peterson, E.D. Racial differences in long-term survival among patients with coronary
artery disease. Am. Heart ]. 2010, 160, 744-751. [CrossRef]

Collins, S.D.; Torguson, R.; Gaglia, M.A., Jr.; Lemesle, G.; Syed, A.L; Ben-Dor, I; Li, Y.; Maluenda, G.; Kaneshige, K.; Xue, Z.; et al.
Does black ethnicity influence the development of stent thrombosis in the drug-eluting stent era? Circulation 2010, 122, 1085-1090.
[CrossRef]

Shaw, LJ.; Shaw, REE.; Merz, C.N.; Brindis, R.G.; Klein, L.W.; Nallamothu, B.; Douglas, P.S.; Krone, R.J.; McKay, C.R.;
Block, P.C.; et al. Impact of ethnicity and gender differences on angiographic coronary artery disease prevalence and in-hospital
mortality in the American College of Cardiology-National Cardiovascular Data Registry. Circulation 2008, 117, 1787-1801.
[CrossRef]

McDowell, S.E.; Coleman, J.J.; Ferner, R.E. Systematic review and meta-analysis of ethnic differences in risks of adverse reactions
to drugs used in cardiovascular medicine. BMJ 2006, 332, 1177-1181. [CrossRef]

Pendyala, L. K,; Torguson, R.; Loh, ].P; Devaney, ] M.; Chen, E; Kitabata, H.; Minha, S.; Barbash, LM.; Suddath, W.O; Satler, L.E;
et al. Racial disparity with on-treatment platelet reactivity in patients undergoing percutaneous coronary intervention. Am. Heart
J. 2013, 166, 266-272. [CrossRef]

An, S.J.; Kim, T.J.; Yoon, B.W. Epidemiology, Risk Factors, and Clinical Features of Intracerebral Hemorrhage: An Update. J. Stroke
2017, 19, 3-10. [CrossRef]

Johnson, J.A.; Caudle, K.E.; Gong, L.; Whirl-Carrillo, M.; Stein, C.M.; Scott, S.A.; Lee, M.T.; Gage, B.F.; Kimmel, S.E,;
Perera, M.A.; et al. Clinical Pharmacogenetics Implementation Consortium (CPIC) Guideline for Pharmacogenetics-Guided
Warfarin Dosing: 2017 Update. Clin. Pharmacol. Ther. 2017, 102, 397—404. [CrossRef]

Naci, H.; Brugts, J.; Ades, T. Comparative tolerability and harms of individual statins: A study-level network meta-analysis
of 246,955 participants from 135 randomized, controlled trials. Circ. Cardiovasc. Qual. Outcomes 2013, 6, 390-399. [CrossRef]
[PubMed]

Ramsey, L.B.; Johnson, S.G.; Caudle, K.E.; Haidar, C.E.; Voora, D.; Wilke, R.A.; Maxwell, W.D.; McLeod, H.L.; Krauss, R.M.;
Roden, D.M,; et al. The clinical pharmacogenetics implementation consortium guideline for SLCO1B1 and simvastatin-induced
myopathy: 2014 update. Clin. Pharmacol. Ther. 2014, 96, 423-428. [CrossRef] [PubMed]

Peto, R.; Collins, R. Trust the Blinded Randomized Evidence That Statin Therapy Rarely Causes Symptomatic Side Effects.
Circulation 2018, 138, 1499-1501. [CrossRef] [PubMed]

Collins, R.; Reith, C.; Emberson, J.; Armitage, J.; Baigent, C.; Blackwell, L.; Blumenthal, R.; Danesh, J.; Smith, G.D,;
DeMets, D.; et al. Interpretation of the evidence for the efficacy and safety of statin therapy. Lancet 2016, 388, 2532-2561.
[CrossRef]

Callier, S.L.; Cunningham, B.A.; Powell, J.; McDonald, M.A.; Royal, C.D.M. Cardiologists” Perspectives on Race-Based Drug
Labels and Prescribing Within the Context of Treating Heart Failure. Health Equity 2019, 3, 246-253. [CrossRef]

Vyas, D.A.; Eisenstein, L.G.; Jones, D.S. Hidden in Plain Sight—Reconsidering the Use of Race Correction in Clinical Algorithms.
N. Engl. ]. Med. 2020, 383, 874-882. [CrossRef] [PubMed]

Administration U.S.ED.A.D. Tegretol (Carbamazepine) Package Insert. Available online: https://www.accessdata.fda.gov/
drugsatfda_docs/label /2009/016608s101,018281s0481bl.pdf (accessed on 10 April 2021).

Pasanen, M.K.; Neuvonen, PJ.; Niemi, M. Global analysis of genetic variation in SLCO1B1. Pharmacogenomics 2008, 9, 19-33.
[CrossRef]

Gaikwad, T.; Ghosh, K.; Shetty, S. VKORC1 and CYP2C9 genotype distribution in Asian countries. Thromb. Res. 2014, 134,
537-544. [CrossRef]

Hernandez, W.; Gamazon, E.R.; Aquino-Michaels, K ; Patel, S.; O’Brien, T.J.; Harralson, A.F; Kittles, R.A.; Barbour, A.; Tuck, M.;
McIntosh, S.D.; et al. Ethnicity-specific pharmacogenetics: The case of warfarin in African Americans. Pharmacogenom. J. 2014, 14,
223-228. [CrossRef]

Takahashi, H.; Wilkinson, G.R.; Nutescu, E.A.; Morita, T.; Ritchie, M.D.; Scordo, M.G.; Pengo, V.; Barban, M.; Padrini, R.;
Ieiri, I; et al. Different contributions of polymorphisms in VKORC1 and CYP2C9 to intra- and inter-population differences
in maintenance dose of warfarin in Japanese, Caucasians and African-Americans. Pharmacogenet. Genom. 2006, 16, 101-110.
[CrossRef]

Scott, S.A.; Sangkuhl, K.; Gardner, E.E.; Stein, C.M.; Hulot, ].S.; Johnson, J.A.; Roden, D.M.; Klein, T.E.; Shuldiner, A.R.;
Clinical Pharmacogenetics Implementation Consortium. Clinical Pharmacogenetics Implementation Consortium guidelines for
cytochrome P450-2C19 (CYP2C19) genotype and clopidogrel therapy. Clin. Pharmacol. Ther. 2011, 90, 328-332. [CrossRef]
Penttila, T.; Lehto, M.; Niiranen, J.; Mehtala, J.; Khanfir, H.; Lassila, R.; Raatikainen, P. Differences in the risk of stroke, bleeding
events, and mortality between female and male patients with atrial fibrillation during warfarin therapy. Eur. Heart ]. Cardiovasc.
Pharmacother. 2019, 5, 29-36. [CrossRef]


http://doi.org/10.1016/j.ahj.2010.06.014
http://doi.org/10.1161/CIRCULATIONAHA.109.907998
http://doi.org/10.1161/CIRCULATIONAHA.107.726562
http://doi.org/10.1136/bmj.38803.528113.55
http://doi.org/10.1016/j.ahj.2013.04.008
http://doi.org/10.5853/jos.2016.00864
http://doi.org/10.1002/cpt.668
http://doi.org/10.1161/CIRCOUTCOMES.111.000071
http://www.ncbi.nlm.nih.gov/pubmed/23838105
http://doi.org/10.1038/clpt.2014.125
http://www.ncbi.nlm.nih.gov/pubmed/24918167
http://doi.org/10.1161/CIRCULATIONAHA.118.036846
http://www.ncbi.nlm.nih.gov/pubmed/30354509
http://doi.org/10.1016/S0140-6736(16)31357-5
http://doi.org/10.1089/heq.2018.0074
http://doi.org/10.1056/NEJMms2004740
http://www.ncbi.nlm.nih.gov/pubmed/32853499
https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/016608s101,018281s048lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/016608s101,018281s048lbl.pdf
http://doi.org/10.2217/14622416.9.1.19
http://doi.org/10.1016/j.thromres.2014.05.028
http://doi.org/10.1038/tpj.2013.34
http://doi.org/10.1097/01.fpc.0000184955.08453.a8
http://doi.org/10.1038/clpt.2011.132
http://doi.org/10.1093/ehjcvp/pvy026

J. Pers. Med. 2021, 11, 1226 16 of 16

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Johnson, J.A.; Gong, L.; Whirl-Carrillo, M.; Gage, B.E; Scott, S.A.; Stein, C.M.; Anderson, J.L.; Kimmel, S.E.; Lee, M.T,;
Pirmohamed, M.; et al. Clinical Pharmacogenetics Implementation Consortium Guidelines for CYP2C9 and VKORC1 geno-
types and warfarin dosing. Clin. Pharmacol. Ther. 2011, 90, 625-629. [CrossRef]

Fitzmaurice, D.A.; Blann, A.D,; Lip, G.Y. Bleeding risks of antithrombotic therapy. BMJ 2002, 325, 828-831. [CrossRef]

Biswas, M.; Kali, M.S.K.; Biswas, T.K.; Ibrahim, B. Risk of major adverse cardiovascular events of CYP2C19 loss-of-function
genotype guided prasugrel/ticagrelor vs clopidogrel therapy for acute coronary syndrome patients undergoing percutaneous
coronary intervention: A meta-analysis. Platelets 2021, 32, 591-600. [CrossRef]

Morales-Rosado, J.A.; Goel, K.; Zhang, L.; Akerblom, A.; Baheti, S.; Black, J.L.; Eriksson, N.; Wallentin, L.; James, S.; Storey, R.F.;
et al. Next-Generation Sequencing of CYP2C19 in Stent Thrombosis: Implications for Clopidogrel Pharmacogenomics. Cardiovasc.
Drugs Ther. 2021, 35, 549-559. [CrossRef]

Romley, J.A.; Gong, C.; Jena, A.B.; Goldman, D.P,; Williams, B.; Peters, A. Association between use of warfarin with common
sulfonylureas and serious hypoglycemic events: Retrospective cohort analysis. BM]J 2015, 351, h6223. [CrossRef]

Lee, S.C.; Ng, S.S.; Oldenburg, J.; Chong, P.Y.; Rost, S.; Guo, ].Y.; Yap, H.L.; Rankin, S.C.; Khor, H.B.; Yeo, T.C.; et al. Interethnic
variability of warfarin maintenance requirement is explained by VKORC1 genotype in an Asian population. Clin. Pharmacol. Ther.
2006, 79, 197-205. [CrossRef]

Baehr, A; Pena, ].C.; Hu, D.J. Racial and Ethnic Disparities in Adverse Drug Events: A Systematic Review of the Literature. |.
Racial Ethn. Health Disparities 2015, 2, 527-536. [CrossRef]

Lam, M.P.,; Cheung, B.M. The pharmacogenetics of the response to warfarin in Chinese. Br. J. Clin. Pharmacol. 2012, 73, 340-347.
[CrossRef] [PubMed]

Administration U.S.F.A.D. Plavix (Clopidogrel bisulfate). 2018. Available online: https://www.accessdata.fda.gov/drugsatfda_
docs/label /2016/020839s062s0641bl.pdf (accessed on 10 April 2021).

Scott, S.A.; Sangkuhl, K.; Stein, C.M.; Hulot, ].S.; Mega, J.L.; Roden, D.M.; Klein, T.E.; Sabatine, M.S.; Johnson, J.A.;
Shuldiner, A.R.; et al. Clinical Pharmacogenetics Implementation Consortium guidelines for CYP2C19 genotype and clopidogrel
therapy: 2013 update. Clin. Pharmacol. Ther. 2013, 94, 317-323. [CrossRef] [PubMed]

Yang, Y.; Lewis, J.P.,; Hulot, ].S.; Scott, S.A. The pharmacogenetic control of antiplatelet response: Candidate genes and CYP2C19.
Expert Opin. Drug Metab. Toxicol. 2015, 11, 1599-1617. [CrossRef] [PubMed]

Klein, M.D.; Williams, A K.; Lee, C.R.; Stouffer, G.A. Clinical Utility of CYP2C19 Genotyping to Guide Antiplatelet Therapy in
Patients With an Acute Coronary Syndrome or Undergoing Percutaneous Coronary Intervention. Arterioscler. Thromb. Vasc. Biol.
2019, 39, 647-652. [CrossRef] [PubMed]

Group, S.C,; Link, E.; Parish, S.; Armitage, J.; Bowman, L.; Heath, S.; Matsuda, F.; Gut, I.; Lathrop, M.; Collins, R. SLCO1B1
variants and statin-induced myopathy—A genome-wide study. N. Engl. . Med. 2008, 359, 789-799. [CrossRef]

Zhang, B.; Lauschke, V.M. Genetic variability and population diversity of the human SLCO (OATP) transporter family. Pharmacol.
Res. 2019, 139, 550-559. [CrossRef] [PubMed]

Ho, RH.; Choi, L.; Lee, W.; Mayo, G.; Schwarz, U.L; Tirona, R.G.; Bailey, D.G.; Stein, C.M.; Kim, R.B. Effect of drug transporter
genotypes on pravastatin disposition in European- and African-American participants. Pharmacogenet. Genom. 2007, 17, 647-656.
[CrossRef] [PubMed]


http://doi.org/10.1038/clpt.2011.185
http://doi.org/10.1136/bmj.325.7368.828
http://doi.org/10.1080/09537104.2020.1792871
http://doi.org/10.1007/s10557-020-06988-w
http://doi.org/10.1136/bmj.h6223
http://doi.org/10.1016/j.clpt.2005.11.006
http://doi.org/10.1007/s40615-015-0101-3
http://doi.org/10.1111/j.1365-2125.2011.04097.x
http://www.ncbi.nlm.nih.gov/pubmed/22023024
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/020839s062s064lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/020839s062s064lbl.pdf
http://doi.org/10.1038/clpt.2013.105
http://www.ncbi.nlm.nih.gov/pubmed/23698643
http://doi.org/10.1517/17425255.2015.1068757
http://www.ncbi.nlm.nih.gov/pubmed/26173871
http://doi.org/10.1161/ATVBAHA.118.311963
http://www.ncbi.nlm.nih.gov/pubmed/30760018
http://doi.org/10.1056/NEJMoa0801936
http://doi.org/10.1016/j.phrs.2018.10.017
http://www.ncbi.nlm.nih.gov/pubmed/30359687
http://doi.org/10.1097/FPC.0b013e3280ef698f
http://www.ncbi.nlm.nih.gov/pubmed/17622941

	Introduction 
	Materials and Methods 
	Subject Recruitment 
	Statistical Analyses 

	Results 
	Warfarin 
	Clopidogrel 
	Simvastatin 

	Discussion 
	
	References

