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Abstract

Background and Aims—Subclinical atherosclerosis (SCVD), measured by coronary artery
calcium (CAC) and carotid intima media thickness (CIMT) is associated with cardiovascular
disease (CVD). Genome Wide Association Studies (GWAS) of CIMT and CVD have focused
primarily on Caucasian populations. We hypothesized that these associations may differ in
populations from distinct genetic backgrounds.

Methods—The associations between sCVD and 66 single nucleotide polymorphisms (SNPs)
from published GWAS of sCVD and CVD were tested in 8224 Multi-Ethnic Study of
Atherosclerosis (MESA) and MESA Family participants [2329 Caucasians (EUA), 691 Chinese
(CHN), 2482 African Americans (AFA), and 2012 Hispanic (HIS)] using an additive model
adjusting for CVD risk factors, with SNP significance defined by a Bonferroni-corrected p < 7.6 x
1074 (0.05/66).

Results—In EUA there were significant associations for CAC with SNPs in 9p21 (rs1333049,
P=2 x 1079, rs4977574, P= 4 x 1079), COL4A1 (rs9515203, P=9 x 107%), and PHACTR1
(rs9349379, P= 4 x 1074). In HIS, CAC was associated with SNPs in 9p21 (rs1333049, P=8 x
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107°; rs4977574, P=5 x 107°), APOAS (rs964184, P=2 x 1074), and ADAMTSY? (rs7173743, P=4 x
10™4). There were no associations with the 9p21 region for AFA and CHN. Fine mapping of the
9p21 region revealed SNPs with robust associations with CAC in EUA and HIS but no significant
associations in AFA and CHN.

Conclusion—Our results suggest some shared genetic architecture for sSCVD across ethnic
groups, while also underscoring the possibility of novel variants and/or pathways in risk of CVD
in ethnically diverse populations.
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Genetics; coronary calcium; single nucleotide polymorphism; intima-medial thickness

Introduction

Cardiovascular disease (CVD) is among the leading causes of death worldwide.! Recent
technological advances have made possible the identification of CVD before it becomes
clinically apparent.2 Subclinical atherosclerosis (sSCVD) is common3 and can be measured
non-invasively through imaging techniques such as coronary artery calcium (CAC)* and
carotid intima media thickness (CIMT)?® thereby providing a non-invasive way to risk
stratify patients.

Genome-wide association studies (GWAS) have been instrumental in advancing our
understanding of the genetic basis of CVD and sCVD by identifying novel loci associated
with the development of atherosclerosis (see Table 2 in ref®).”-22 Many of these associations
are not explained by conventional CVD risk factors, consistent with the possibility that these
loci represent novel atherosclerotic pathways. The most widely replicated of these GWAS
results that are associated with CVD and sCVD is the 9p21 locus.16:17:23 |n addition to CVD
and sCVD, the 9p21 locus has also been associated with risk of abdominal and intracranial
aneurysms?24, peripheral arterial disease?, heart failure2®, sudden cardiac death?® and
stroke.2” Nonetheless, association of 9p21 with markers of the early stages of atherosclerosis
has not been found, including arterial elasticity and retinal microvascular abnormalities.28

The number of GWAS loci identified with complex human phenotypes has increased
exponentially since the completion of the human genome project, yet the majority of GWAS
have been performed on populations of European descent.2? Moreover, relatively few
GWAS of CVD and/or sCVD have focused on non-European populations.1#421 Small
candidate gene studies have complemented these GWAS but are few in number.30:31 This
apparent disparity has raised questions regarding the relevance of GWAS findings to
populations of different genetic backgrounds.32 This issue is particularly relevant to CVD
and sCVD given the varying prevalence of these phenotypes in different ethnicities.33

In the present study, we use the Multi-ethnic Study of Atherosclerosis (MESA) to
investigate whether significant associations found in recent GWAS of CVD and sCVD are
also associated with measures of SCVD (CAC and CIMT) in a genetically diverse cohort of
African, Hispanic and Asian ancestry.
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Materials and Methods

Study Design

The MESA study has been previously described and it was designed to investigate the
impact of SCVD and CVD risk factors on the development of clinically overt CVD.34
Approximately 38% of the recruited participants are Caucasians (EUA), 12% Chinese
(CHN), 28% African American (AFA) and 22% Hispanic (HIS).

Genotype Data

The 66 single nucleotide polymorphisms (SNPs) included in this study (See Table 2 in reff)
were obtained from Affymetrix 6.0 GWAS dataset (MESA and MESA family data) on
8,224 consenting MESA participants (2329 EUA, 691 CHN, 2482 AFA, and 2012 HIS)
from the National Heart, Lung, and Blood Institute SNP Health Association Resource
(SHARe) project. Absent SNPs were imputed using IMPUTE v2.2.2 to the 1000 genomes
cosmopolitan Phase 1 v3 as a reference. Genotypes were filtered for SNP level call rate
<95% and individual level call rate <95%, and monomorphic SNPs as well as SNPs with
heterozygosity >53% were removed. Allele frequencies were calculated separately within
each racial/ethnic group, and only those SNPs with minor allele frequencies >0.01 were
included in genetic association analyses. We further filtered imputed SNPs based on
imputation quality >0.5, using the observed versus expected variance quality metric, and
filtered genotyped SNPs for Hardy-Weinberg equilibrium P-value >107°.

SCVD Measurement

The imaging outcomes in the present study are coronary artery calcium [CAC, measured as
a continuous variable as the raw Agatston CAC score plus one (CAC-c) or as a dichotomous
variable (CAC-d) with CAC>0] and carotid artery intima-media thickness [CIMT; internal
carotid intima media thickness (CIMT-i), common carotid intima media thickness (CIMT-

)]

CAC was measured by either electron-beam tomography or multi-detector computed
tomography, as described previously.* All scans were read at the Los Angeles Biomedical
Research Institute at Harbor-UCLA Medical Center. Measurements of CAC were adjusted
between the different field centers and imaging machines by using a standard calcium
phantom of known density, which was scanned with each participant and CAC calculated as
described previously3® and the mean value from two scans used for analysis.

CIMT measurements were performed by B-mode ultrasonography of the right and left, near
and far walls, and images were recorded using a Logiq 700 ultrasound device (General
Electric Medical Systems, Waukesha, WI). Maximal CIMT-i and CIMT-c was measured as
the mean of the maximum values of the near and far wall of the right and left sides at a
central ultrasound reading center (Department of Radiology, New England Medical Center,
Boston, MA) as described previously.36

Atherosclerosis. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vargas et al.

Page 4

Statistical Analyses

Results

Given skewed distributions, the common (CIMT-c) and internal (CIMT-i) IMT values were
log normalized. CAC was analyzed as a continuous variable by obtaining the log of the raw
CAC score plus one (CAC-c) or as a dichotomous variable (CAC-d) with CAC > 0.
Analyses were first performed stratified within each racial/ethnic group. For analysis
involving EUA and CHN, an unrelated subset of individuals was constructed by selecting at
most one individual from each pedigree. For analysis of phenotypes with a substantial
familial component, among AFA and HIS, the analysis was performed using a linear mixed-
effects model (continuous variables) and by generalized estimating equations (dichotomous
variables). Associations between each SNP and each individual phenotype was determined
using separate multiple linear regressions (continuous variables) or logistic regressions
(dichotomous variables) assuming an additive model. Two models were used to analyze the
data. Model 1 accounted for age, sex, site of ascertainment, and principal components.
Model 2 included Model 1 plus HDL cholesterol (HDL-C), LDL cholesterol (LDL-C),
triglycerides, body mass index (BMI), hypertension status (self-report of physician-
diagnosed hypertension along with use of antihypertensive medication or systolic blood
pressure of 140 mm Hg or greater and/or diastolic blood pressure of 90 mm Hg or greater),
diabetes status (fasting blood glucose was 126 mg/dL or greater or use of diabetes
medications), and current smoking use (self-reported current smoking use within the past 30
days). Fixed effect meta-analysis was used to combine results across all four race/ethnic
groups, as implemented in METAL.

Fine mapping of the 9p21 region (100 kb upstream or downstream from SNPs rs1333049,
rs4977574, and rs16905644) was performed for each ethnic group by selecting all SNPs on
the chromosome 9 imputation set (NCBI Build 37) between positions 21997022-22225503.
A total of 3,282 SNPs were identified (598, 631, 1256 and 797 SNPs in EUA, CHN, AFA
and HIS, respectively). This list of SNPs was supplemented by adding novel SNPs identified
by deep sequencing efforts in this region.37:38 Given that each ethnicity has its own LD
structure, to account for multiple comparisons in each of the race/ethnic-specific analyses,
we use an eigen-decomposition to estimate the effective number of independent SNPs in
each race/ethnic group.

Significance was defined by Bonferroni correction by dividing an alpha of 0.05 by the
number of SNPs tested (p < 7.6 x 10~ given 66 SNPs tested (0.05/66) for the initial
analysis, with greater number of SNPs used for the correction for the fine mapping effort).
To assess genetic heterogeneity seen in stratified analyses of the four MESA race/ethnic
groups, we used the 12 heterogeneity metric to quantify the proportion of total variation
across studies attributable to heterogeneity rather than chance.3°

Study Sample Characteristics

Table 1 in ref8 illustrates the baseline demographic characteristics of the MESA participants
included in this study as well as their CVD risk factors and measures of sSCVD. Sample sizes
reflect the inclusion of individuals from the original MESA cohort and the ancillary MESA
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Family cohort. The samples sizes are similar in the different ethnicities with the exception of
CHN, which had a relatively lower number of study participants (n=691). There is a lower
BMI in the CHN (median 23.7), higher prevalence of hypertension (60%) and smoking
(19.3%) in the AFA, and higher prevalence of CAC (56.9%) and median CAC score (115.7)
in the EUA populations. There were no differences across ethnicities for CIMT.

of SNPs with sCVD

The association of previously identified SNPs associated with CVD and sCVD with CAC-c
in the four MESA ethnicities is shown in figure 1 in ref.5 After Bonferroni correction,
multiple SNPs were associated with CAC-c in EUA and HIS, one in AFA, and no SNP
significantly associated with CAC-c in CHN. The significant SNPs in EUA, HIS and AFA,
and the closest gene in the locus, P-values and effect sizes, are shown in Table 1. In EUA
there were significant associations with CAC-c in 9p21 (rs1333049, P=2 x 1079, rs4977574,
P=4 x 1079), COL4AL1 (rs9515203, P=9 x 1076), and PHACTRL (rs9349379, P= 4 x 1074).
All of these associations, except for COL4AL, have effects in the same direction as shown in
the initial discoveries. The difference in the direction of effect of rs9515203 in COL4Al is
not expected, given that the alleles in this study are the same and the minor allele
frequencies are equivalent as those previously published. In HIS, SNPs were associated with
CAC-c in 9p21 (rs1333049, P=8 x 107°; rs4977574, P=5 x 107°), APOAS (rs964184, P=2 x
1074, and ADAMTSY (rs7173743, P=4 x 10™4). There were no associations with the 9p21
region in AFA and CHN. The only significant association in AFA with CAC-c was in the
LPA locus (rs10455872, P=5.66x1074).

Results from meta-analysis across ethnicities (see figure 2 in ref®) show the associations
between previously identified CVVD and sCVD SNPs and the four sSCVD phenotypes in
MESA. After Bonferroni correction, there were four significant associations with CAC-c
and CAC-d (Table 2). There was evidence of significant heterogeneity based upon
inconsistent direction of association in different ethnicities, elevated 12 heterogeneity, and
low heterogeneity p-values. This increased heterogeneity may reflect different directions of
association in the AFA population. There was also increased heterogeneity observed with
respect to the COL4AL and CAC-c association. In contrast, the associations between
PHACTR1 and ADAMTSY showed significant p-values as well as low heterogeneity metrics
in the context of CAC-d and CAC-c respectively. There was one significant association with
CIMT-c and two significant associations with CIMT-i The SMG6 locus was significantly
associated with CIMT-c but there were increased heterogeneity. The LPA and TRIB1 loci
were significantly associated with CIMT-i with low heterogeneity indices, indicating a
consistent association across ethnicities.

Functional Annotation

To assess the functional significance of the SNPs with significant associations, we used the
publically available ENCODE Project Consortium and HaploRegv2 for functional
annotation of selected SNPs.4? The 9p21 locus SNP rs1333049 is in a heterochromatin
protein 1 (HP1 site), a protein known to be important in gene expression regulation.
rs4977574, also in the 9p21 locus, is located in an enhancer in various types of cells and is
also in a DNase site (in LNCaP cells). rs9515203 in the COL4AL1 locus is located in an
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enhancer in various types of cells and binds RNA polymerase Il (POL2). The PHACTR1
SNP rs9349379 is in a site for myocyte enhancer factor 2 (Mef2), a family of transcription
factors important in cellular differentiation and embryonic development. rs10455872 in the
LPA locus is a modulator of FOXO, a family of transcription factors involved in cellular
metabolism and proliferation. The APOAS5 SNP rs964184 and the ADAMTS? SNP
rs7173743 are both located in DNase sites in various types of cells. Another SNP in
ADAMTSY?, rs1994016, is in the binding site of the transcription factor activator protein 1
(AP-1) which is important in regulating cellular proliferation, differentiation and apoptosis.
The SMG6 SNP rs216172 is in enhancer and DNase sites in numerous cell types.

Fine Mapping of 9p21 Region
Given the inconsistent association across ethnicities between measures of CAC and the 9p21
region, fine mapping of this region was performed in an attempt to uncover as yet
unidentified associations. Figure 1 presents the associations between 9p21 SNPs (598 SNPs
in EUA, 631 SNPs in CHN, 1256 SNPs in AFA, and 797 SNPs in HIS) and CAC-c
demonstrating robust associations in EUA and HIS but no significant associations in AFA
and CHN. Table 3 in refS lists the significant SNPs in EUA and HIS along with their
location, effect size and p-values. Figure 2 shows the regional association plots of meta-
analyses across ethnicities illustrating the associations between 9p21 SNPs and the four
sCVD phenotypes included in this study. There were no significant associations between
9p21 SNPs and CIMT-c and CIMT-i. There was a similar pattern of associations between
these SNPs and CAC-d and CAC-c although there were more significant associations with
CAC-c. However, as shown in Table 4 in ref®, although these associations are statistically
significant, there was inconsistent direction of associations across ethnicities, particularly
with respect to AFA, and increased heterogeneity indices for some SNPs.

DISCUSSION

The association of SNPs identified in GWAS of CVD and sCVD has been observed in
populations of mostly European descent and information regarding these associations in
ethnically diverse cohorts is lacking. In this study, we evaluate the association of those SNPs
with sCVD (CAC and CIMT) in the MESA cohort. Our findings reveal previously unknown
associations between various SNPs and sCVD. We also explored whether these associations
were present in different ethnicities.

The vast majority of SNPs tested in this candidate gene study had been previously
associated with CVD, while a handful had been associated with SCVD (see Table 2 in ref®).
We have confirmed the previously reported associations between CAC and SNPs in 9p21,
PHACTR1 and COL4A1,1641 while reporting associations between CAC and SNPs in
ADAMTSY. The ADAMTSY locus has been previously associated with CAD, but not with
CAC. We also report associations between CIMT and loci previously associated with CAD
(SMG6, LPA and TRIB1). We found no association between the 9p21 locus and CIMT in
any of the ethnicities tested, as has been previously reported,2 suggesting a mechanism for
CVD risk mediation independent of CIMT. Although our power calculations (see tables 5
and 6 in ref®) revealed greater than greater 90% power for alleles with minor allele
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frequency of 10%, this lack of association could be due to relatively limited power
particularly for SNPs with lesser minor allele frequencies and/or effect sizes. However, the
fact that some loci are associated with CAD and CAC/CIMT while others are not raises the
intriguing possibility that not all genetic mechanisms for CAD are mediated via SCVD as
currently characterized by the imaging techniques in this study.1® Functional annotation of
the SNPs in these loci reveals that they likely mediate the development of CVD and/or
sCVD by means of regulating gene expression and cellular proliferation.

There were notable differences in sCVD associations based on ethnicity. The 9p21 locus
was only significantly associated with CAC in EUA and HIS ancestry populations. The
COL4A1 and PHACTR1 SNPs were only associated with CAC in the group of EUA
ancestry. The LPA SNP was only associated with CAC in AFA ancestry and the APOA5 and
ADAMTSY7 SNPs only achieved significance in the HIS group. Of note, SNPs previously
associated with atherosclerosis in Han Chinesel4 were not associated with SCVD in CHN in
this study. It is possible that a greater sample size would uncover associations in CHN not
seen in the current study. These findings could also be explained by ethnic differences in the
heritability of the sCVD trait. For example, the heritability of CAC in AFA has been
estimated at 30% which is lower than the 50% estimated for EUA, which suggests the
possibility of ethnic differences in the impact of genetic variation on sSCVD.*3 These
differences in heritability could reflect a greater impact of environmental factors on sCVD
or a potential greater role for gene-environment interactions. Furthermore, the prevalence of
sCVD has been shown to vary by ethnic group while controlling for traditional CVD risk
factors*445 and this difference in disease prevalence could explain some of our findings.

Differences in linkage disequilibrium (LD) structure in different ethnicities*® could explain
the different genetic associations with sCVD. It is possible that SNPs used in this study are
not adequate markers of the functional SNPs responsible for a potential genetic effect on
SCVD. As such, lower LD between the marker SNPs and functional SNPs could decrease
the effect size and therefore the power for detection. We attempted to overcome this
limitation for one of the loci included in the present study. The 9p21 locus is one of the most
consistently associated loci to emerge from modern genetic analysis of CVD susceptibility.
There were no associations between the 9p21 SNPs in this study and SCVD in AFA and
CHN and our meta-analysis across ethnicities shows increased heterogeneity in this region.
Prior studies have also failed to show association with 9p21 and sSCVD and CVD in

AFA 21,2325 |n order to uncover a potentially as-yet-unmeasured functional SNP in this
locus we performed fine mapping in this region but again found no significant associations
in AFA and CHN despite robust associations in EUA and HIS. It is possible that different
biological pathways in the development of SCVD and CVD are at play in different
ethnicities. This observation is supported by the fact that greater European admixture in
AFA populations has been previously associated with higher CAC#. However, it is
important to note that although certainly related, sSCVD and CVD represent different
phenotypic endpoints with potentially different pathophysiology depending on ethnicity. For
example, AFA have been shown to have lower CAC scores but higher CVD as compared to
other ethnicities.#>48
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There are important limitations in the current study. First, although our power calculation
shows adequate power for the minor allele frequencies (MAF) and effect sizes of the SNPs
included in this study, the GWAS studies from which these SNPs were selected had much
larger sample sizes and power than the current study. Furthermore, inter-ethnic differences
in MAFs could also limit the power to detect associations. Second, ethnic differences in
linkage disequilibrium between tested SNPs and putative functional loci could also limit our
ability to detect associations. Although fine mapping of the 9p21 region allowed us to
examine distinct patterns of association across race/ethnic groups, comprehensive fine
mapping of all loci under investigation was beyond the scope of the current manuscript.
Lastly, the SNPs included in this study were mostly originally associated with CVD, which
is a different, albeit related, phenotypic entity than sCVD. Examining the associations
between these SNPs and CVVD was beyond the scope of the current study. Soft plaque
characteristics predictive of CVD, e.g. positive remodeling and low attenuation, were not
available for analysis as only non-contrast CT was performed in the current study.49
Moreover, incorporating novel biomarkers predictive of CVD, such as high sensitivity
troponins, into the analysis could help unmask new associations.>® Replication of the current
observations in larger data sets is imperative.

In conclusion, this is the first study testing the association with sCVD of previously
identified SNPs in GWAS of CVD and sCVD across three different ethnicities of non-
European descent. Although our study is limited by power to detect associations compared
to the larger power in the original GWAS describing the associations, we describe several
associations with sCVD. Furthermore, we found no association between 9p21 and CAC in
AFA despite a fine mapping effort in this region suggesting a lack of signal in this region in
AFA. This lack of association is particularly intriguing given the consistent association
between this region and CVD in cohorts of European descent. Our results suggest some
shared genetic architecture for SCVD across ethnic groups, while also underscoring the
possibility of novel variants and/or pathways in risk of CVD in ethnically diverse
populations.

Acknowledgments

The authors thank the MESA investigators, the staff, and the participants of the MESA study for their valuable
contributions. A full list of participating MESA investigators and institutions can be found at http://www.mesa-
nhibi.org.

SOURCES OF FUNDING

MESA and the MESA SHARe project are conducted and supported by contracts NO1-HC-95159, N01-HC-95160,
NO01-HC-95161, N01-HC-95162, N01-HC-95163, NO1-HC-95164, N01-HC-95165, NO1-HC-95166, NO1-
HC-95167, N01-HC-95168, N01-HC-95169, UL1-TR-001079 and UL1-TR-000040 from the National Heart, Lung,
and Blood Institute (NHLBI, http://www.nhlbi.nih.gov). MESA Family is conducted and supported in collaboration
with MESA investigators; support is provided by grants and contracts RO1HL071051, RO1HL071205,
RO1HL071250, RO1HLO071251, RO1HL071252, RO1HL071258, RO1HL071259, M01-RR00425, UL1RR033176,
and UL1TR000124. Funding for MESA SHARe genotyping was provided by NHLBI Contract NO2-HL-6-4278.
The provision of genotyping data was supported in part by the National Center for Advancing Translational
Sciences, CTSI grant UL1TR000124, and the National Institute of Diabetes and Digestive and Kidney Disease
Diabetes Research Center (DRC) grant DK063491 to the Southern California Diabetes Endocrinology Research
Center. The MESA study was approved by the institutional review boards of the participating institutions and
participants provided informed consent prior to study participation. This manuscript was approved for submission
by the Presentations and Publications Committee.

Atherosclerosis. Author manuscript; available in PMC 2017 February 01.


http://www.mesa-nhlbi.org
http://www.mesa-nhlbi.org
http://www.nhlbi.nih.gov

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vargas et al.

Page 9

REFERENCES

1.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Lloyd-Jones D, et al. Executive summary: heart disease and stroke statistics--2010 update: a report
from the American Heart Association. Circulation. 2010; 121:948-954. [PubMed: 20177011]

. Yang E, Vargas JD, Bluemke DA. Understanding the genetics of coronary artery disease through

the lens of noninvasive imaging. Expert Rev Cardiovasc Ther. 2012; 10:27-36. [PubMed:
22149524]

. McNamara JJ, Molot MA, Stremple JF, Cutting RT. Coronary artery disease in combat casualties in

Vietnam. JAMA. 1971; 216:1185-1187. [PubMed: 5108403]

. Detrano RC, et al. Coronary calcium measurements: effect of CT scanner type and calcium measure

on rescan reproducibility--MESA study. Radiology. 2005; 236:477-484. [PubMed: 15972340]

. Stein JH, et al. Use of carotid ultrasound to identify subclinical vascular disease and evaluate

cardiovascular disease risk: a consensus statement from the American Society of Echocardiography
Carotid Intima-Media Thickness Task Force. Endorsed by the Society for Vascular Medicine. J Am
Soc Echocardiogr. 2008; 21:93-111. quiz 189-90. [PubMed: 18261694]

. vargas JD. Dataset for Common Genetic Variants and Subclinical Atherosclerosis: The Multi-Ethnic

Study of Atherosclerosis. Data in Brief-submitted. 2015

. Bis JC, et al. Meta-analysis of genome-wide association studies from the CHARGE consortium

identifies common variants associated with carotid intima media thickness and plaque. Nat Genet.
2011; 43:940-947. [PubMed: 21909108]

. Deloukas P, et al. Large-scale association analysis identifies new risk loci for coronary artery

disease. Nat Genet. 2013; 45:25-33. [PubMed: 23202125]

. Erdmann J, et al. New susceptibility locus for coronary artery disease on chromosome 3g22.3. Nat

Genet. 2009; 41:280-282. [PubMed: 19198612]

. Erdmann J, et al. Genome-wide association study identifies a new locus for coronary artery disease
on chromosome 10p11.23. Eur Heart J. 2011; 32:158-168. [PubMed: 21088011]

Gudbjartsson DF, et al. Sequence variants affecting eosinophil numbers associate with asthma and
myocardial infarction. Nat Genet. 2009; 41:342-347. [PubMed: 19198610]

Kathiresan S, et al. Six new loci associated with blood low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol or triglycerides in humans. Nat Genet. 2008; 40:189-197.
[PubMed: 18193044]

Kathiresan S, et al. Genome-wide association of early-onset myocardial infarction with single
nucleotide polymorphisms and copy number variants. Nat Genet. 2009; 41:334-341. [PubMed:
19198609]

Lu X, et al. Genome-wide association study in Han Chinese identifies four new susceptibility loci
for coronary artery disease. Nat Genet. 2012; 44:890-894. [PubMed: 22751097]

Musunuru K, et al. From noncoding variant to phenotype via SORT1 at the 1p13 cholesterol locus.
Nature. 2010; 466:714-719. [PubMed: 20686566]

O'Donnell CJ, et al. Genome-wide association study for coronary artery calcification with follow-
up in myocardial infarction. Circulation. 2011; 124:2855-2864. [PubMed: 22144573]

Samani NJ, et al. Genomewide association analysis of coronary artery disease. N Engl J Med.
2007; 357:443-453. [PubMed: 17634449]

Schunkert H, et al. Large-scale association analysis identifies 13 new susceptibility loci for
coronary artery disease. Nat Genet. 2011; 43:333-338. [PubMed: 21378990]

Tregouet DA, et al. Genome-wide haplotype association study identifies the SLC22A3-LPAL2-
LPA gene cluster as a risk locus for coronary artery disease. Nat Genet. 2009; 41:283-285.
[PubMed: 19198611]

Wild PS, et al. A genome-wide association study identifies LIPA as a susceptibility gene for
coronary artery disease. Circ Cardiovasc Genet. 2011; 4:403-412. [PubMed: 21606135]

Wojczynski MK, et al. Genetics of coronary artery calcification among African Americans, a meta-
analysis. BMC Med Genet. 2013; 14:75. [PubMed: 23870195]

Atherosclerosis. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vargas et al.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 10

Coronary Artery Disease (C4D) Genetics Consortium. A genome-wide association study in
Europeans and South Asians identifies five new loci for coronary artery disease. Nat Genet. 2011;
43:339-344. [PubMed: 21378988]

McPherson R, et al. A common allele on chromosome 9 associated with coronary heart disease.
Science. 2007; 316:1488-1491. [PubMed: 17478681]

Helgadottir A, et al. The same sequence variant on 9p21 associates with myocardial infarction,
abdominal aortic aneurysm and intracranial aneurysm. Nat Genet. 2008; 40:217-224. [PubMed:
18176561]

Yamagishi K, Folsom AR, Rosamond WD, Boerwinkle E. A genetic variant on chromosome 9p21
and incident heart failure in the ARIC study. Eur Heart J. 2009; 30:1222-1228. [PubMed:
19329499]

Newton-Cheh C, et al. A common variant at 9p21 is associated with sudden and arrhythmic cardiac
death. Circulation. 2009; 120:2062-2068. [PubMed: 19901189]

Kim J, Chae YK. Genomewide association studies of stroke. N Engl J Med. 2009; 361:722. author
reply 722. [PubMed: 19675338]

Folsom AR, et al. No association of 9p21 with arterial elasticity and retinal microvascular findings.
Atherosclerosis. 2013; 230:301-303. [PubMed: 24075760]

Haga SB. Impact of limited population diversity of genome-wide association studies. Genet Med.
2010; 12:81-84. [PubMed: 20057316]

Zhang L, et al. Lack of associations of ten candidate coronary heart disease risk genetic variants
and subclinical atherosclerosis in four U.S. populations: The Population Architecture using
Genomics and Epidemiology (PAGE) study. Atherosclerosis. 2013

Manichaikul A, et al. Association of SCARB1 variants with subclinical atherosclerosis and
incident cardiovascular disease: the multi-ethnic study of atherosclerosis. Arterioscler Thromb
Vasc Biol. 2012; 32:1991-1999. [PubMed: 22628436]

loannidis JP. Population-wide generalizability of genome-wide discovered associations. J Natl
Cancer Inst. 2009; 101:1297-1299. [PubMed: 19726754]

Go AS, et al. Heart disease and stroke statistics--2014 update: a report from the american heart
association. Circulation. 2014; 129:e28-e292. [PubMed: 24352519]

Bild DE, et al. Multi-ethnic study of atherosclerosis: objectives and design. Am J Epidemiol. 2002;
156:871-881. [PubMed: 12397006]

Agatston AS, et al. Quantification of coronary artery calcium using ultrafast computed
tomography. J Am Coll Cardiol. 1990; 15:827-832. [PubMed: 2407762]

O'Leary DH, et al. Use of sonography to evaluate carotid atherosclerosis in the elderly. The
Cardiovascular Health Study. CHS Collaborative Research Group. Stroke. 1991; 22:1155-1163.
[PubMed: 1926258]

Johnson AD, et al. Resequencing and clinical associations of the 9p21.3 region: a comprehensive
investigation in the Framingham heart study. Circulation. 2013; 127:799-810. [PubMed:
23315372]

Shea J, et al. Comparing strategies to fine-map the association of common SNPs at chromosome
9p21 with type 2 diabetes and myocardial infarction. Nat Genet. 2011; 43:801-805. [PubMed:
21775993]

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses.
BMJ. 2003; 327:557-560. [PubMed: 12958120]

Ward LD, Kellis M. HaploReg: a resource for exploring chromatin states, conservation, and
regulatory motif alterations within sets of genetically linked variants. Nucleic Acids Res. 2012;
40:D930-D934. [PubMed: 22064851]

Ferguson JF, et al. Candidate gene association study of coronary artery calcification in chronic
kidney disease: findings from the CRIC study (Chronic Renal Insufficiency Cohort). J Am Coll
Cardiol. 2013; 62:789-798. [PubMed: 23727086]

Samani NJ, et al. Coronary artery disease-associated locus on chromosome 9p21 and early markers
of atherosclerosis. Arterioscler Thromb Vasc Biol. 2008; 28:1679-1683. [PubMed: 18599798]

Atherosclerosis. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Vargas et al.

43.

44,

45.

46.

47.

48.

49.

50.

Page 11

Peyser PA, et al. Heritability of coronary artery calcium quantity measured by electron beam
computed tomography in asymptomatic adults. Circulation. 2002; 106:304-308. [PubMed:
12119244]

Anand SS, et al. Differences in risk factors, atherosclerosis, and cardiovascular disease between
ethnic groups in Canada: the Study of Health Assessment and Risk in Ethnic groups (SHARE).
Lancet. 2000; 356:279-284. [PubMed: 11071182]

Bild DE, et al. Ethnic differences in coronary calcification: the Multi-Ethnic Study of
Atherosclerosis (MESA). Circulation. 2005; 111:1313-1320. [PubMed: 15769774]

Lambert CA, Tishkoff SA. Genetic structure in African populations: implications for human
demographic history. Cold Spring Harb Symp Quant Biol. 2009; 74:395-402. [PubMed:
20453204]

Wassel CL, et al. Genetic ancestry is associated with subclinical cardiovascular disease in African-
Americans and Hispanics from the multi-ethnic study of atherosclerosis. Circ Cardiovasc Genet.
2009; 2:629-636. [PubMed: 20031644]

Wong MD, Shapiro MF, Boscardin WJ, Ettner SL. Contribution of major diseases to disparities in
mortality. N Engl J Med. 2002; 347:1585-1592. [PubMed: 12432046]

Motoyama S, et al. Computed tomographic angiography characteristics of atherosclerotic plaques
subsequently resulting in acute coronary syndrome. J Am Coll Cardiol. 2009; 54:49-57. [PubMed:
19555840]

Everett BM, et al. Troponin and Cardiac Events in Stable Ischemic Heart Disease and Diabetes.
New England Journal of Medicine. 2015; 373:610-620. [PubMed: 26267622]

Atherosclerosis. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Vargas et al.

Page 12

Genetic studies of atherosclerosis have focused on Caucasian populations.
Genetic associations were tested in the Multi-Ethnic Study of Atherosclerosis.

There was replication of associations but also notable differences by ethnicity.

Atherosclerosis. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Vargas et al.

-log 10(P)

-log 10(P)

Page 13

-
) .' o3
MRS
- . E
e a s =2 =
g =t ° et E
B R T oAt T :
e >3
&, - ) -
- . .- e
. ,” .. . A Le . .2 . ..'::-v e -1' -5’.. -.t::-..-: ; '.‘ -
o . * ‘= -. oo o o e, . rpede e .0 o0 - . .
- . - . Scgms oot . Tl e <. .o 0y
San s slame ent T L o Br Nt i e PR PRNE e SRSD IS S P, YL T AW
00 05 10 2215 2220 2200 2205 2210 2215 2220
Position on chr 9 (Mb) Position on chr 9 (Mb)
EUA (2329) CHN (691)
N
=
o0
o
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr O Baa g oo gy e
LR K T 2 Y 4
s ¥ ‘s s -
‘." ~‘¢'.— ; . . . . ®e = s
N e w3, x4 o o e . oo .
T W e [ 3 1 S 3';': 3 et e >re . -, & enposs q-'-to; ¢
-—eegye s - g "L b el o8 oqtets . o,
M&m TR S e . K L e A A, s
22.00 2205 2210 2215 2220 22.00 2205 2210 2215 2220

Position on chr 9 (Mb)

AFA (2459)

Figure 1.
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Fine mapping of 9p21 region. SNPs were selected 100 kb upstream/downstream from SNPs
rs1333049, rs4977574, and rs16905644. A total of 3282 SNPs were identified (598, 631,
1256 and 797 SNPs in EUA, CHN, AFA and HIS, respectively). Association of CAC-c with
CVD and sCVD SNPs by ethnicity. Results from a linear regression assuming an additive
model and controlling for age, gender, site of ascertainment, principal components, HDL
cholesterol (HDL-C), LDL cholesterol (LDL-C), triglycerides, BMI, hypertension status,
diabetes status and current smoking. The y-axis represents the — 1og10 of the p-value and the
upper dotted line the Bonferroni corrected significance threshold.
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Meta-analysis across ethnicities of the association of SCVD measures and SNPs in the 9p21
region. A linear regression assuming an additive model and controlling for age, gender, site
of ascertainment, principal components, HDL cholesterol (HDL-C), LDL cholesterol (LDL-
C), triglycerides, BMI, hypertension status, diabetes status and current smoking was
performed in each ethnic group as described above. The program METAL was used to
conduct a fixed effect meta-analysis to combine estimated effects and standard errors from
stratified analyses. The y-axis represents the —log10 of the p-value and the dotted line the

Bonferroni corrected significance threshold.
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