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Abstract

Objective—The goal of this study was to investigate whether there is a genotype by treatment

interaction in patients experiencing stroke and treated with one of three antihypertensive drugs, i.e.

chlorthalidone, amlodipine and lisinopril.

Methods—A population of 436 African Americans and 539 whites that have experienced stroke

in the GenHAT study were genotyped for 768 single nucleotide polymorphisms in 280 candidate

genes. To detect a genotype by treatment interaction we used the Pearson's chi-square test to

assess if the genotype frequencies differed at the single SNP level for the three drug treatment

groups. From these single SNP analyses we derived a summary statistic for the degree of

association at the gene and gene complex levels. This was done by grouping SNPs using

information on gene locations and defining gene complexes based on protein-protein interactions.

To assess the statistical significance of the observed test statistic we derived an empirical p-value

by simulating data under the null hypothesis.

Results—We found that, in patients that have experienced stroke, there is a significant genetic

difference between hypertension drug treatment groups. In African Americans SNP rs12143842

showed significant association (p < 0.001) with drug treatment. At gene-level HNRNPA1P4 and
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NOS1AP in African Americans and PRICKLE1 and NINJ2 in non-Hispanic whites were

significantly associated (p < 0.01) to drug treatment, while none of the gene-complexes tested

showed significance.

Conclusions—Based on the genetic differences between drug treatment groups, we conclude

that there may be an interaction between certain genotypes and antihypertensive treatment in

stroke patients. This needs to be replicated in other studies.
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Introduction

Hypertension affects nearly one third of adults in the United States [1,2] and even more

adults in Europe [3,4]. This condition increases the risk for stroke, the fourth leading cause

of death in the United States [5] and second leading cause of death in Europe [6]. In clinical

trials, antihypertensive therapy has been shown to reduce the risk of stroke by 35-40% [7].

Even though there are many effective pharmacologic therapies, international data suggest

that blood pressure control rates are < 50% [8–12]. This low rate of hypertension control

may be influenced in part by the inability to predict the antihypertensive drug likely to be

most effective for an individual patient. Hypertension drug response may depend on the

genetic make-up of individuals and treatment efficacy may be improved if this is considered

when prescribing antihypertensive agents [13,14].

Hypertension is caused by both genetic and environmental factors. Family-based genetic

studies of hypertension report a heritability of 30-60% [15]. While several common genetic

variants have been associated with hypertension [16,17], they only explain a small

proportion of the genetic variance of the trait. Thus, hypertension likely has a complex mode

of inheritance, e.g., many low-effect genetic variants contribute to the genetic variance of

the trait [15]. This is likely to also be the case with pharmacogenetic traits such as the

response to antihypertensive drug treatment. Evidence collected across genome-wide

association studies of complex traits suggest that although many genetic variants with small

or moderate effects on the disease phenotype are detected, it appears that multiple

independently associated variants are located in the same genes and that genetic variants

tend to occur in genes whose products are connected in biological pathways [18– 21]. These

studies support the idea that multiple mutations in the same gene (allelic heterogeneity) or

multiple mutations in different members of a candidate gene complex (e.g. biological

pathway) involved in the pharmacological response are more likely to influence the drug

response than a random mutation.

The Genetics of Hypertension-Associated Treatment (GenHAT) study was designed to

determine whether variants in hypertension susceptibility genes interact with

antihypertensive medication to modify the risk of coronary heart disease and other

cardiovascular endpoints, such as stroke, in hypertensives [22]. In this study we have access

to a preselected set of SNPs associated with genes that are functionally related to

hypertension in subjects that experienced stroke. The goal of this study was to investigate
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whether there is genotype by treatment interactions in patients experiencing stroke and

treated with one of three antihypertensive drugs, i.e. chlorthalidone, amlodipine and

lisinopril. This was assessed at the level of (1) single genetic variants (SNP level), (2)

multiple genetic variants within genes calculated by grouping SNPs located within a gene

(gene level), or (3) multiple genetic variants in candidate gene complexes calculated by

grouping SNPs located within genes to form a complex (gene complex level). Thus, we will

evaluate whether the pharmacogenetic effects of these drug treatments are determined at the

single variant level, gene level or gene complex level.

Methods

Population

The subjects for this study were enrolled in GenHAT (N=39,114), an ancillary study of the

Antihypertensive and Lipid Lowering Treatment to Prevent Heart Attack Trial (ALLHAT)

[22,23]. The study design and methodology of GenHAT and ALLHAT have previously

been described in detail [20, and 21 respectively]. Informed consent was obtained for each

patient, and the protocol was approved by the institutional review board at each participating

center.

ALLHAT (N=42,418) was a randomized, double blind, multicenter clinical trial of persons

at least 55 years of age with hypertension and at least one other CVD risk factor recruited

from 623 centers. The primary objective of ALLHAT was to examine differences by

antihypertensive treatment in the incidence of fatal coronary heart disease and nonfatal

myocardial infarction in persons randomized to one of four antihypertensive drug classes: a

calcium channel blocker (amlodipine), an angiotensin converting enzyme (ACE) inhibitor

(lisinopril), and an α-adrenergic blocker (doxazosin), each compared with a diuretic

(chlorthalidone), in an assignment ratio of 1:1:1:1.7, respectively (i.e. for every 1.7 persons

receiving chorthalidone, one person was randomized to each of the other drugs). The

doxazosin arm was not included in our study due to the early discontinuation of the drug

owing to a significant (25%) increase in CVD compared to the chlorthalidone arm [24].

Other secondary outcome measures were also evaluated, including stroke, heart failure,

coronary revascularization, angina, peripheral arterial disease, end-stage renal disease and

all-cause death. This analysis is focused on stroke. For this study defined as the rapid onset

of persistent neurologic deficit attributable to an obstruction or rupture of the arterial system,

including stroke occurring during surgery, that is not known to be secondary to brain

trauma, tumor, infection, or other non-ischemic cause (ALLHAT protocol: https://

ccct.sph.uth.tmc.edu/ALLHAT/Documents/Protocol.pdf).

GenHAT was designed to evaluate whether genes associated with hypertension modify the

risk of primary and secondary ALLHAT outcomes in patients treated with the different anti-

hypertensive drug classes. In the case-only phase of GenHAT, 11,599 ALLHAT participants

who experienced adverse cardiovascular related events were successfully genotyped for 768

polymorphisms in 280 genes selected for their associations with blood pressure regulation

and CVD. The focus of our study was determining whether variance in these genes could

modify the risk of stroke (n=1,258 participants).
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Genotyping methods

DNA isolation techniques and genotyping methods within GenHAT have been described

elsewhere [22]. Briefly, DNA samples were anonymized as set forth in the Report of the

Special Emphasis Panel on Opportunities and Obstacles to Genetic Research in NHLBI

Clinical Studies [25].

DNA was isolated from blood clots using Gentra Puregene blood kit DNA Isolation Kits

from Qiagen (Venlo, The Netherlands). For the case-only phase of GenHAT, Illumina (San

Diego, CA, USA) provided custom genotyping at approximately 768 loci (see

supplementary file S1 and S2) that were selected as being candidates for blood pressure

regulation or CVD. Genotyping was successful for 97% of the samples (sample success

rate). Replicate pairs of DNA samples were provided to Illumina to test reproducibility

(number of matching allele calls), and between sample agreement was excellent (99.99%).

Statistical analysis of baseline measurements

ANOVA was used to compare the difference in baseline measurements (e.g. body mass

index, gender, smoking, diabetes) between treatment groups for continuous variables, and

Chi-square tests for categorical variables. Ethnicity group was determined by principal

component analysis (PCA) of 64 ancestry informative markers (AIMs) [26]. For this study,

only non-Hispanic whites and African Americans (excluding Hispanic African Americans)

were included (these are the only groups with enough statistical power to perform ethnicity-

specific analysis) and each cohort was analyzed separately.

Determining genotype-by-treatment effects

The data in this study were obtained using a case-only design. Because of the randomized

design of ALLHAT, we assume there was a priori no difference in genetic profile for the

three different drug treatment groups [27]. We determined whether the genetic profile of

patients experiencing stroke differed between drug treatments where genetic difference

between drug treatment groups is defined by 1) single genetic variants, 2) multiple genetic

variants within genes, or 3) multiple genetic variants in candidate gene complexes.

For each SNP we used the chi-square test to test for independence between drug treatment

and genotype frequencies. A p-value of 0.01 was considered as suggestive evidence for an

association between SNP and treatment. A 10% false discovery rate (FDR) cut-off was used

[28]. SNPs with a minor allele frequency of less than 0.01 were excluded.

To further improve the power of detecting genotype-by-treatment interaction effects, we

determined the joint effect of the genetic variants linked to individual genes or candidate

gene complexes. Candidate gene complexes among the 280 genes available were identified

using STRING [29]. STRING is a database dedicated to protein-protein interactions,

including both physical and functional interactions. It weighs and integrates information

from numerous sources, including experimental repositories, computational prediction

methods and public text collections, thus acting as a meta-database that maps all interaction

evidence onto a common set of genomes and proteins. To identify interacting genes we used

a cut-off of 0.90 representing a posterior probability that the interaction is a true positive.
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Genes with 2 or more SNPs associated were included in the gene-wide analysis. Gene

complexes with 2 or more genes were included in the gene complex analysis.

Following the removal of SNPs with a minor allele frequency of less than 1%, we tested 538

SNPs in 263 genes in the African American cohort and 508 SNPs in 264 genes in the non-

Hispanic white cohort. In the African American sample, 66 genes met the criteria of

containing more than one SNP, and 41 complexes contained more than one gene and fitted a

0.9 cut-off for protein-protein interactions. In non-Hispanic whites, 62 genes contained more

than one SNP and we identified 44 complexes that contained more than one gene and had a

0.9 cut-off for protein-protein interactions.

Determining a test statistic for individual genes and gene complexes

For each gene and gene complex we derived a summary statistic for the degree of

association. Let the Chi-square (χ2) test statistic for each SNP be Ti, i = 1,... n. To determine

the gene-wide test statistic, the test statistics of SNPs within the gene were averaged.

Likewise the test statistics of SNPs located within genes that were part of a complex were

averaged to determine the gene complex test statistic. A high value of these statistics

indicated evidence for association. Under the null hypothesis of no association, Ti has a χ2

distribution (with 2 degrees of freedom (in the case of two observed genotype states: eg. AA

and AB) or 4 degrees of freedom (three observed genotype states: e.g. AA, AB and BB and

three treatments)). The distribution of the test statistics at the gene and gene complex level

under the null hypothesis was unknown.

Determining an empirical p-value

All SNP association results are based on an empirical derived p-value. An empirical

distribution of the test statistic for each SNP was derived by permuting the sample labels of

the drug treatments followed by the computation of the χ2 test statistic. This was done

100,000 times. The observed test statistics for each permutation was recorded in order to

obtain the empirical distribution of χ2 values under the null hypothesis. For each SNP, an

empirical p-value was obtained by determining the number of empirical observations larger

than the observed statistic as a fraction of the amount of permutations. Empirical p-values

were derived in a similar way at the gene and gene complex levels. The empirical p-values

allow us to control for the number of SNPs being tested for each gene or gene complex. To

adjust for multiple testing we determined the false discovery rate [28].

All statistical analyses were performed using R (R Development Core Team 2011).

Results

Baseline characteristics

The baseline characteristics for the 1,258 participants in the GenHAT “case-only” study that

all have experienced stroke are provided in Table 1. Except for a history of coronary artery

bypass grafting (CABG), the three treatment arms had similar risk factor profiles. A history

of CABG was most prominent in the chlorthalidone treatment arm (19.4% of the study

population vs. 14.6% and 10.9% for lisinopril and amlodipine respectively).
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Genotype by treatment effects

We measured the association of 538 and 508 SNPs in African Americans and non-Hispanic

whites, respectively, with hypertension drug treatments in stroke cases. Results are shown in

Table 2, 3 and 4 respectively.

The number of significant (p<0.01) SNPs before adjusting for multiple testing was 3 and 4

for African Americans and non-Hispanic whites, while based on the number of tests

performed the expected number of significant (p<0.01) SNPs is approximately 5 (0.01 × 538

and 0.01 × 508). At the gene level, we tested 66 and 62 genes (each containing more than

one SNP) for African Americans and non-Hispanic whites. The number of significant

(p<0.01) genes was 2 and 4 for African Americans and non-Hispanic whites (disregarding

the false discovery rate). The expected number of significant (p<0.01) genes is 1. Finally, at

the level of gene complexes, we tested 41 and 43 gene complexes (containing more than one

gene and a protein-protein interaction cut-off of 0.9) for African American and non-Hispanic

whites. The number of significant (p<0.01) gene complexes was 0 and 2 for African

Americans and non-Hispanic whites. The expected number of significant (p<0.01) gene

complexes is 1.

Table 2 shows the mean χ2, the gene ID and symbol of the associated gene for the

significant SNPs. Supplementary files S1 and S2 show all the results for the African

American and non-Hispanic white cohort respectively. The empirical distribution of the test

statistics, determined by the single SNP test, is close to the distribution of the theoretical χ2

test with 4-6 degrees of freedom (see quantile-quantile plot supplementary Figure 1). SNP

rs12143842 showed significance (p < 0.001) also after correcting for multiple testing (FDR

< 0.1) in the African American population (Table 2). The African American and non-

Hispanic white populations did not have any other significant common SNPs.

The differences in allele frequencies for each drug treatment, as well as the average across

drug treatments (allele difference between cohorts) in African American and non-Hispanic

white populations are shown in supplementary Table 1.

For SNP rs200148 in the African American cohort, the A allele frequency is higher in the

chlorthalidone treatment group (A allele frequency = 0.58) as compared to the amlodipine

and lisinopril treatment groups (0.43 and 0.49 A allele frequency respectively)

(supplementary Table 1). African Americans carrying the A allele and treated with

chlorthalidone rather than lisinopril or amlodipine were overrepresented among stroke

patients. For the rs12143842 SNP in the African American cohort, the C allele frequency is

lower in the amlodipine treatment group (C allele frequency = 0.78) as compared to

chlorthalidone and lisinopril treatment groups (0.88 and 0.89 C allele frequency

respectively) indicating lower stroke risk in African Americans carrying the C allele and

treated with amlodipine versus chlorthalidone or lisinopril.

To improve the power of determining genotype by treatment effects, SNPs were grouped by

gene and a mean test statistic determined for each gene. Using this approach we found 4

genes associated with the drug treatment after adjusting for multiple testing (Table 3):

NINJ2 (non-Hispanic white cohort), HNRNPA1P4 (African American cohort), PRICKLE1
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(non-Hispanic white cohort) and NOS1AP (African American cohort) (highlighted gene

symbols in Table 3). Genes with a p-value < 0.05 for each cohort is included in Table 3. The

corresponding genes’ p-values for the other cohorts are also included for comparison.

Supplementary files S3 and S4 show all the results for the gene-wise analysis of the African

American and non-Hispanic white cohort respectively. Interestingly the NOS1AP gene in

the African American cohort seems to be significantly correlated with the treatments. It was

also the rs12143842 SNP localized on this gene that was shown to be significant when

analyzing SNPs separately.

Genes were grouped into candidate gene complexes based on known and predicted protein

interactions using the STRING database (see supplementary files S5 and S6). Each

candidate gene was used as “bait” to “fish” for associated genes and was also included in the

complex. STRING shows proteins associated with the “bait” protein based on different types

of evidence. It does not give this “complex” of associated proteins a label. Subsequently,

SNPs associated with the gene complex were grouped to determine whether this would lead

to a more significant association with the treatment when comparing genotype frequencies

between different treatments. Although there were significant p- values (p<0.01), none of

the gene complexes were below the 10% cutoff for false discovery. Complexes with a p-

value < 0.05 for each cohort is included in Table 4.

Discussion

Using a case-only pharmacogenetic design, we determined whether SNPs in candidate genes

for hypertension interact with antihypertensive medication to modify the risk of stroke in

hypertensive patients. Our analysis was based on the assumption that patients would have

similar genotype frequencies across drug treatment groups in the absence of drug by gene

interaction. Given that patients were randomly assigned to their medication in this case-only

study (ALLHAT was a randomized double blind, multicenter trial) [23], this is a plausible

assumption. Thus, we evaluated if hypertensive patients whom all have experienced stroke

and were treated with one of three drug treatments, differed in their DNA profile at the

single SNP, gene, and/or gene complex level (Fig. 1).

Using this approach, we have shown a significant difference between drug treatment groups

at the level of single SNPs as well as when grouping SNPs by genes. This significance is

lost when grouping SNPs by gene complexes. Grouping SNPs by genes increased the

number of SNPs that were associated with drug treatment. At the SNP level, only one

(rs12143842) was significantly associated with drug treatment (African American

population). In this population, the C allele frequency is lower in the amlodipine treatment

group as compared to chlorthalidone and lisinopril treatment groups indicating lower stroke

risk in African Americans carrying the C allele and treated with amlodipine versus

chlorthalidone or lisinopril.

Grouping SNPs by genes resulted in four genes showing significance: NINJ2 (in the non-

Hispanic white population), HNRNPA1P4 (African American population), PRICKLE1 (non-

Hispanic white population) and NOS1AP (African American population). These results may

indicate that our approach allows us to detect weaker associations exhibited by a group of
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SNPs located in small genomic regions such as those defined by genes. Individually these

associations may not be significant, but by considering these associations jointly by defining

an appropriate summary statistic we may detect the signal.

SNP rs12134842 (within 100kb of the NOS1AP gene) has earlier been identified as strongly

associated to prolonging QT-interval duration [30]. A study of participants in the Rotterdam

Study, a population-based, prospective cohort study of individuals of 55 years of age or

older, concluded that each rs12143842(T) allele was associated with a QT-interval duration

increase of 4.4-ms (p =4.4×10−28) [30]. QT-interval prolongation is an electrophysiologic

phenomenon associated with sudden cardiac death. Prolongation of QT is associated with a

significantly increased risk of incident stroke independent of traditional stroke risk factors

[31]. Thus, it seems plausible that this SNP may interact with drug treatment to effect stroke

risk.

At the gene level, NOS1AP (encoding for Nitric oxide synthase 1 adaptor protein) also

showed significance (p=0.0001, African American population) implicating the other SNPs at

this gene as relevant to stroke pharmacogenetics. SNP rs10494366 has previously been

shown to be associated with QT-interval in several studies [32–37]. NINJ2 appears to be a

strong candidate for harboring pharmacogenetic variants since this gene has been previously

associated with ischemic stroke [38]. The NINJ2 gene encodes an adhesion molecule

expressed in glia and shows increased expression after nerve injury [39]. According to

Ikram et al. [38] both rs11833579 and rs12425791 were shown to be significantly associated

with ischemic stroke and, in particular, the atherothrombotic stroke subtype. The combined

effect of these SNPs was associated with drug treatment effects in our study (Table 4). The

two SNPs (rs6473383 and rs11997468) in the HNRNPA1P4 (heterogeneous nuclear

ribonucleoprotein A1 pseudogene 4) gene associated with drug treatment has previously

been shown to be associated to heart failure (p = 3.1×10−6 and p = 3.4×10−6 respectively),

although they did not reach genome wide significance (set at 5.0×10−7) [40].

Even though they did not reach genome wide significance, SNPs rs1520832 and rs1033264

within the PRICKLE1 gene (located at 12q12) have been associated with incident heart

failure (p-values 1.2×10−6 and 1.4×10−6 respectively, measured in the European ancestry

population) [40]. Several studies suggest that PRICKLE genes play an important role in the

central nervous system. PRICKLE1 is a component of the planar cell polarity (PCP)

pathway that regulates cell migration and polarity in various contexts [41]. Mutations in

components of the PCP pathway lead to a spectrum of neurological phenotypes and

disorders. For example, a missense mutation in PRICKLE1 is associated with progressive

myoclonus epilepsy in humans, and its reduced gene dosage increases sensitivity to induced

seizure in mice [42,43]. Additionally, overexpression of PRICKLE1 promotes neurite

outgrowth in neuroblastoma cells [44]. These studies suggest that Prickle genes have

broader roles in the CNS.

Although stroke risk reduction on antihypertensive treatment is mainly due to blood pressure

control level [45] a component of stroke protection may be exerted by other drug specific

mechanisms of action such as improvements in endothelial function and anti-platelet activity

[46]. Evaluating main effects of variables of interest as well as controlling for main effects
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of covariates (such as blood pressure control level during follow-up) cannot be tested in the

context of the case-only design [47]. Therefore, testing whether the gene drug interaction

effects on stroke identified in this study is mediated by differential blood pressure control

level by treatment class or other drug related mechanisms was beyond the scope of this

study. Further investigations are required to understand the exact mechanisms underlying

these findings. Additionally, we are aware of the importance of replication to verify our

results, however we were not able to find an appropriate replication study considering our

population, the treatments used, the polymorphisms assayed and the end points tested.

The modeling approach described here goes beyond the search for single variants by

evaluating the significance of the participation of entire genes and pathways, by adding

evidence of association of polymorphisms with the phenotype. Our results suggests that

grouping variants at the gene level will contribute in finding novel associations by joining

the contribution from multiple near-significant variants in the same gene. The significance

gained by grouping SNPs by genes was lost when grouping SNPs by gene complexes in this

dataset. Even though the entire gene complex consists of genes that are functionally related

to hypertension, many of the variants located in these genes may not interact with the drug

treatment. Thus more “noise” could be added to the near-significant variants and thereby

diluting their contribution. To avoid this dilution effect a more flexible statistical modeling

approach is required to allow the variants to contribute unequally to the summary statistic.

Our gene complex approach relies on the availability of known and predicted protein-protein

interaction data. We used only high quality protein-protein interactions, thus limiting the

number of gene complexes that could be formed. It may have led to an overrepresentation of

well-studied genes in the complexes studied. We do not expect this to influence our false

discoveries because our testing procedure is based on p-values obtained from a large number

of permutations.

The variants used in this study are located in genes that have previously been reported to be

associated with blood pressure regulation thus making them all plausible candidates for

interacting with blood pressure medication. Some of the variants we highlight are located in

genes that have previously been associated with stroke in external studies helping to lend

support to the validity of our results. In summary, from this work we can conclude that, in

patients that have experienced stroke, there is a significant genetic difference between

hypertension drug treatment groups at the level of single SNPs. The two populations did not

show the same SNPs to be significantly associated to treatment. This implies that replicate

studies need to be carefully designed with respect to the genetic background of the study

population. Our results indicate that taking advantage of prior biological knowledge when

interpreting genotype association studies may lead to the discovery of new genes/genotypes

and thereby contributing to our understanding of the genetic components that play an

important role in pharmacogenetics.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Genotype frequencies for a single SNP in an hypertesive cohort (a); and genotype

frequencies after treatment in the 3% of the patients that suffered stroke (b). The illustrative

SNP shows an interaction with the drug used for treatment.
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Table 1

Baseline characteristics for case-only African American and White participants (n=975) by treatment group

Characteristic Chlorthalidone Amlodipine Lisinopril p-value
*

Sample size, n (%) by treatment 433 (44.4) 248 (25.4) 294 (30.2)

Age (y), mean (SD) 69.9 (7.9) 70.0 (7.9) 69.7 (7.9) 0.90

Women, n (col %) 189 (43.6) 95 (38.3) 130 (44.2) 0.31

On antihypertensive treatment, n (col %) 389 (89.8) 222 (89.5) 267 (90.8) 0.83

Race/ethnicity using SNP data (AIM):

White, non-Hispanic, n (col %) 256 (59.1) 140 (56.5) 143 (48.6) 0.20

African American, n (col %) 177 (40.9) 108 (43.5) 151 (51.4)

Blood pressure at baseline:

All participants, mm Hg: SBP, mean (SD) 148.7 (16.1) 149.5 (15.5) 149.1 (15.4) 0.82

DBP, mean (SD) 83.4 (10.6) 83.5 (11.0) 84.1 (10.7) 0.72

Treated at baseline, mm Hg: SBP, mean (SD) 147.5 (16.1) 148.7 (15.5) 148.3 (15.6) 0.62

DBP, mean (SD) 82.7 (10.6) 82.8 (11.1) 83.6 (10.8) 0.53

Untreated at baseline, mm Hg: SBP, mean (SD) 159.0 (12.2) 155.6 (14.6) 156.5 (12.2) 0.52

DBP, mean (SD) 90.2 (8.0) 89.4 (8.0) 88.7 (9.0) 0.76

Eligibility risk factors:

Current cigarette smoker, n (%) 97 (22.4) 51 (20.6) 75 (25.5) 0.52

History of MI or stroke, n (%) 172 (39.7) 83 (33.5) 116 (39.5) 0.23

History of CABG, n (%) 84 (19.4) 27 (10.9) 43 (14.6) 0.01

Other atherosclerotic CVD, n (%) 111 (25.6) 73 (29.4) 73 (24.8) 0.43

Major ST depression/ T-wave inversion, n (%) 40 (9.2) 33 (13.3) 31 (10.5) 0.25

Type 2 diabetes, n (%) 204 (47.1) 115 (46.4) 124 (42.1) 0.40

HDL-C < 35 mg/dL, n (%) 40 (9.2) 22 (8.9) 23 (7.8) 0.80

LVH by electrocardiogram, n (%) 77 (17.8) 53 (21.4) 48 (16.3) 0.30

Body mass index, mean (SD), kg/m2 29.2 (6.4) 29.3 (5.7) 29.3 (5.9) 0.97

Fasting glucose, mean (SD), mg/dL 133.0 (63.8) 123.2 (50.3) 128.0 (59.4) 0.20

Total cholesterol, mean (SD), mg/dL 221.6 (49.7) 220.1 (45.3) 217.9 (50.4) 0.62

HDL cholesterol, mean (SD), mg/dL 45.7 (14.7) 45.7 (13.1) 46.3 (14.7) 0.83

LDL cholesterol, mean (SD), mg/dL 140.5 (38.1) 142.6 (40.9) 138.4 (40.3) 0.50

Fasting triglycerides, mean (SD), mg/dL 182.8 (165.2) 160.9 (112.1) 167.5 (121.0) 0.19

Current medication use:

Aspirin 184 (42.5) 93 (37.5) 120 (40.8) 0.70

Estrogen supplementation (women only) 16 (3.7) 12 (4.8) 12 (4.1) 0.69

AIM = ancestry informative marker, SBP = systolic blood pressure, DBP = diastolic blood pressure, CABG = coronary artery bypass grafting,
CVD = cardiovascular disease, HDL-C = HDL cholesterol, LVH = left ventricular hypertrophy

*
test of differences between genotype groups: ANOVA for continuous variables, chi-square for categorical variables
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Table 2

Single SNPs demonstrating pharmacogenetic differences between treatment groups

Race SNP name χ 2 P-value
1

FDR
2 Gene ID Gene symbol Location

African American rs12143842 21.70 0.0002 0.091 9722 NOS1AP flanking_5UTR

rs16847548 13.84 0.0073 0.854 9722 NOS1AP flanking_5UTR

rs6473383 13.64 0.0091 0.854 389674 HNRPA1P4 flanking_5UTR

non-Hispanic whites rs4917434 16.35 0.002 0.546 22986 SORCS3 Intron

rs2607927 14.94 0.005 0.546 4815 NINJ2 Intron

rs200148 14.43 0.006 0.546 51390 AIG1 flanking_5UTR

rs898271 13.94 0.007 0.546 390419 LOC390419 flanking_3UTR

1
Empirical P-values.

2
FDR: false discovery rate.
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Table 3

Genes associated with drug treatment assessed by grouping SNPs within a gene.

African American non-Hispanic white

Gene symbol Mean χ2
P-value

1
FDR

2 Mean χ2 P-value FDR

NINJ2 4.42 0.2391 0.816 7.30 <0.0001 0.0000

HNRNPA1P4 12.27 0.0017 0.055 2.99 0.6562 0.9644

PRICKLE1 1.67 0.9725 0.994 11.04 0.0017 0.0527

EDN1 6.72 0.0258 0.517 5.76 0.0910 0.4701

DBH 4.53 0.2010 0.776 6.77 0.0073 0.1259

GJB5 3.16 0.7362 0.994 6.00 0.0689 0.4272

NOS1AP 11.03 0.0001 0.009 6.84 0.0355 0.2448

SCNN1A 6.62 0.0451 0.572 3.68 0.3021 0.8918

PPIAP23 2.70 0.7601 0.994 9.54 0.0131 0.1352

TBC1D4 3.53 0.3936 0.978 7.35 0.0309 0.2398

ATP1A2 3.05 0.7407 0.994 8.68 0.0102 0.1259

ACE 4.06 0.4489 0.978 6.89 0.0159 0.1411

ICAM1 1.81 0.9283 0.994 9.94 0.0096 0.1259

LOC440973 7.51 0.0313 0.517 2.47 0.8334 0.9644

1
Genes with empirical P-values of less than 0.05 are included.

2
FDR: false discovery rate.
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Table 4

Gene complexes associated with drug treatment when using each candidate gene to “fish” for known and

predicted protein interactions.

African American non-Hispanic white

Gene symbol
* Symbols of genes in the complex Mean χ2

P-value
1

FDR
2 Mean χ2 P-value FDR

NPPA NPPA, IAPP, ADM, CST3, EDN1 5.415 0.048 0.532 4.837 0.116 0.687

NOS3 NOS3, ICAM1, REN, AGTR1, PIK3CB, ACE, NOS2,
EDN1

3.675 0.721 0.987 4.762 0.037 0.524

ADM ADM, IAPP, PTH, ADRB2, ADORA2A, NPPA, EDN1 5.163 0.042 0.532 4.683 0.093 0.636

ATP1A2 ATP1A2, ATP1B1 2.715 0.868 0.987 8.013 0.009 0.194

ATP1B1 ATP1B1, ATP1A2 2.715 0.868 0.987 8.013 0.009 0.194

1
Genes with empirical P-values of less than 0.05 included.

2
FDR: false discovery rate.

*
Symbol of gene that was used as “bait” in STRING database. The bait gene is included in the gene complex.
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