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Abstract

Circulating adiponectin has been associated with both clinical and subclinical cardiovascular
disease (CVD). Variants of the adiponectin gene (AD/POQ) are associated with clinical CVD, but
little is known about associations with subclinical CVD. We studied the association of 11
ADIPOQ SNPs with common and internal carotid intima media thickness (cIMT), presence of
coronary artery calcification (CAC), and CAC scores (in those with CAC) in 2847 participants in
the Multi-Ethnic Study of Atherosclerosis (MESA). Participants were Caucasian (n=712),
African-American (n=712), Chinese (n=718), and Hispanic (n=705). All models were adjusted for
age, sex, and field site, and stratified by race/ethnic group. African-Americans with genotypes
AG/GG of rs2241767 had 36% greater (95% CI (16%, 59%), p=0.0001) CAC prevalence; they
also had a larger common cIMT (p=0.0043). Also in African-Americans, genotypes AG/AA of
rs1063537 were associated with a 35% (95% CI (14%, 59%), p=0.0005) greater CAC prevalence.
Hispanics with the AA genotype of rs11711353 had a 37% (95% CI (14%, 66%), p=0.0011),
greater CAC prevalence compared to those with the GG genotype. Additional adjustment for
ancestry in African-American and Hispanic participants did not change the results. No single SNP
was associated with subclinical CVD phenotypes in Chinese or Caucasian participants. There
appears to be an association between AD/POQ SNPs and subclinical CVD in African-American
and Hispanics. Replication as well as assessment of other AD/POQ SNPs appears warranted.

Introduction

Subclinical cardiovascular disease (CVD) measures, including carotid intima media
thickness (cIMT) and coronary artery calcium (CAC), reflect overall atherosclerotic burden
and can be used to non-invasively assess the presence, amount, and severity of
atherosclerosis(1,2). Many studies have shown CAC and cIMT are associated with clinical
CVD outcomes and also improve prediction of risk for future CVD events(1,2) even in
asymptomatic individuals(3,4). A number of studies have evaluated the association between
circulating adiponectin and coronary heart disease (CHD) or CVD outcomes with some
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showing higher levels of adiponectin associated with decreased risk(5,6) while other studies
show an increased risk(7,8). However, associations of adiponectin with CAC and common
and internal cIMT have shown more consistency, with higher adiponectin generally
associated with thinner cIMT and less CAC(9,10,11).

The adiponectin gene (AD/POQ) encodes the circulating protein adiponectin and is
expressed primarily in the adipose tissue of various organs, but it is expressed in vascular
tissue as well(12). Only a small proportion of all AD/POQ polymorphisms have been
investigated in relation to circulating adiponectin, and CHD or CVD and it is likely that
many functional variants responsible for these observed associations have yet to be
studied(13). A number of studies have examined the association of single nucleotide
polymorphisms (SNPs) and in AD/POQ with circulating adiponectin levels and/or CHD, but
these studies have had mixed results and have concentrated mostly on just a few SNPs,
usually in just one ethnic group(14,15,16,17,18). Few studies have evaluated the association
of SNPs in AD/POQ with subclinical CVD measures and those that exist have again used
only a few SNPs in examining these associations, examined the associations in one ethnic
group, or had small sample sizes(19,20,21,22).

Thus, given the evidence of the roles of both circulating adiponectin and AD/POQ in
clinical CVD and possibly subclinical CVD measures, this study examined the association
of AD/IPOQ SNPs chosen by a tagSNP method with the presence and amount of CAC and
cIMT in four racial/ethnic groups in the Multi-Ethnic Study of Atherosclerosis (MESA).

MESA participants were recruited from six field sites in the United States — Forsyth County,
NC, Northern Manhattan/Bronx, NY, Baltimore/Baltimore County, MD, St. Paul, MN,
Chicago, IL, and Los Angeles County, CA. The MESA cohort comprises 6,814 men and
women of diverse ethnic background who were 45 to 84 years old at the baseline exam and
free of clinically overt cardiovascular disease. The cohort was 53% women with a racial/
ethnic composition of approximately 38% white, 28% African American, 23% Hispanic and
11% Asian, primarily of Chinese descent. Further details of the objectives and design of
MESA were published elsewhere(23).

A subsample of 2847 MESA subjects was selected for a candidate gene study from
participants who gave informed consent for DNA extraction. AD/POQ SNPs were
genotyped on this subsample. The candidate gene study included 712 African American,
705 Hispanic, 718 Chinese, and 712 Caucasian participants and approximately equal
numbers of men and women. Further details have been previously published on the selection
of this same participant subsample (24) and are also available in the supplemental methods.

DNA extraction and SNP selection and genotyping

DNA was extracted by use of a commercially available DNA isolation kit (Puregene; Gentra
Systems, Minneapolis, MN) from peripheral leukocytes isolated from packed EDTA and
citrate cells of anticoagulated blood frozen at —70 degrees C. Tag SNPs were selected in
based on compatibility with the Illumina GoldenGate technology and had to have a minor
allele frequency (MAF)>0.05. Further details for SNP selectioncan be found in the
supplemental methods and have been published elsewhere(24). A total of 12 AD/POQ SNPs
were chosen using this method.

Illumina Genotyping Services (Illumina Inc., San Diego, CA) performed genotyping using
the GoldenGate assay. Illumina performed initial quality control to identify samples and
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SNPs that failed genotyping. After removal of failed SNPs and samples, the genotype call
rate was 99.93%. Further details on quality control can be found elsewhere(24).

Both common and internal cIMT were measured by high-resolution B-mode
ultrasonography on a Logiq 700 ultrasound machine (GE Medical Systems, Waukesha, WA)
at the baseline examination and calculation of these values was performed at the central
MESA ultrasound reading center (Tufts-New England Medical Center, Boston, MA).
Overall common and internal cIMT were calculated as the mean of all available maximum
wall thicknesses across all scans, for both left and right sides, and for the near and far walls.
Coronary artery calcium (CAC) scanning was performed by either ECG-gated electron beam
(EBCT) or multidetector (MDCT) computed tomography per the MESA protocol(25). CAC
was quantified using the Agatston method. Scans were read centrally at the Los Angeles
Biomedical Research Institute at Harbor-UCLA. Two CT scans were performed for each
participant, and the results were averaged after phantom attenuation adjustment. Further
details have been published elsewhere(25).

Information on age, sex, and race/ethnicity, smoking, alcohol use, education and income was
obtained via baseline interview and questionnaire. Waist circumference, systolic and
diastolic blood pressure, trigylcerides, HDL cholesterol, LDL cholesterol, fasting glucose,
and C-reactive protein were all measured using standard methods and assays. Further details
on methods and specific variable definitions can be found in the supplementary methods.

Statistical Analysis

For SNPs, pairwise linkage disequilibrium (LD) was calculated (r2) and LD plots were
generated using Haploview V4.0(26). Hardy-Weinberg equilibrium (HWE) tests were
conducted within each racial/ethnic group using the exact test. Baseline characteristics for
each racial/ethnic group were compared across groups by ANOVA, chi-square or Kruskal-
Wallis as appropriate.

Outcomes included presence or absence of CAC (CAC>0 vs. CAC=0), and CAC score as a
continuous outcome among those with values > 0, as well as common and internal cIMT
measures. In the MESA candidate gene substudy, the prevalence of CAC was high, so log-
binomial models were used to assess associations of each SNP with CAC presence, as odds
ratios from logistic regression will over-estimate the prevalence ratios in this case. In the
event that the log binomial model did not converge, a Gaussian error distribution was used
and robust standard errors were estimated. As common and internal cIMT and CAC score >
0 were skewed, these were natural log-transformed. Linear regression was used to assess the
association of the SNPs with these outcomes and geometric means are presented.

All analyses were stratified by self-reported race/ethnicity to control for population
stratification. For significant SNPs in African American and Hispanic models, additional
control for population stratification was achieved by adjusting for percent European ancestry
for African Americans and Hispanics, and additionally for percent Native American
ancestry for Hispanics. Ancestry was estimated separately in each racial/ethnic group from
199 ancestry informative markers using STRUCTURE V2.2, software that employs a
Bayesian Markov Chain Monte Carlo simulation approach(27).

Univariate associations of each SNP with each outcome were evaluated first by 2 degree of
freedom tests in models adjusting for age, sex, and field center. Individual SNPs with a 2
degree of freedom p<0.02 were examined further, adding ancestry, and then cardiovascular
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risk factors, to each model. Multiple comparisons were controlled for using a Bonferroni
correction for each racial/ethnic group and outcome, a = 0.05/11 = 0.0045. Analyses were
conducted using SAS V9.1 (SAS Institute, Cary, NC).

Supplementary Table 1 shows the minor allele frequencies and HWE p-values for AD/IPOQ
SNPs by racial/ethnic group. SNPs rs9877202 and rs1403697 were not polymorphic among
the Chinese; these SNPs also had only one Caucasian participant with the heterozygous
genotype and none with the rare homozygous genotype. Minor allele frequencies for most
SNPs differed somewhat between the ethnic groups, but the differences were not substantial.
However, two SNPs did show a different minor allele for some of the racial/ethnic groups.
There were no substantial deviations from HWE (p<0.001) for anySNP.

The LD plots show that rs2241767 and rs3774262 were perfectly correlated (r2=1) within
every racial/ethnic group, so analyses proceeded with rs2241767 but not rs3774262 (Figure
1). Thus, the Bonferroni-corrected p-value threshold used to determine significance for
single SNP associations within each racial/ethnic group was a = 0.05/11 = 0.0045. Among
African Americans, rs2241767 was in high LD with rs1063539 (Figure 1). In Chinese,
rs11711353 and rs1249541 were in high LD; rs1063537 and rs2241767 were in high LD
among Chinese, Caucasians, and Hispanics (Figure 1).

Table 1 shows baseline characteristics for the MESA candidate gene study by racial/ethnic
group. There were some significant differences in cIMT between racial/ethnic groups.
Caucasians had the highest prevalence of CAC while African-Americans had the largest
common cIMT. No participants were missing CAC measures, and only 31 were missing
common cIMT and 66 were missing internal cIMT.

Results of the 2 degree of freedom demographic adjusted single SNP association tests for all
racial/ethnic groups and outcomes are presented in Supplemental Figure 1. In some cases,
SNPs with very rare homozygote genotypes had to be combined with the heterozygote
genotype. Two SNPs reached the Bonferroni-corrected p=0.0045 significance level, both in
the African American group (Figure 1). rs2241767 was strongly associated with CAC
presence (p=0.0029) in African Americans. Similar significant results were observed for
rs1063539 (a SNP highly correlated with rs2241767, r?=0.90) and CAC presence. Results
that nearly reached the Bonferroni-corrected significance level for African Americans
included rs1063537 and CAC presence (p=0.0063), rs2241767 and common cIMT
(p=0.0071). rs1063538 was nominally associated with CAC score > 0, p=0.0148. Among
the Hispanics, rs11711353 was nominally associated with CAC presence (p=0.0121), while
rs7649121 was nominally associated with common cIMT (p=0.0174) (Figure 1). No
associations among Caucasians or Chinese had p<0.02 (Figure 1).

The AG/GG genotypes of rs2241767 were associated with a 36% greater CAC prevalence
among African Americans as compared to the AA genotype in demographic adjusted
models, p=0.0002 (Table 2). Further adjustment for percent European ancestry did not
change this association. Similar results were observed for the rs1063537-CAC presence
association, with the AG/AA genotypes associated with a 35% greater CAC prevalence as
compared to those with the GG genotype in fully adjusted models, p=0.0005 (Table 2).
Although it did not quite meet the multiple comparisons p-value threshold, those with the
GG genotype of rs1063538 had an average CAC score of 120.1, which was higher when
compared to those with the AA genotype (average CAC score 54.9), p=0.0056. Further
adjustment for European ancestry only slightly attenuated this association. Common cIMT
differed by genotype for rs2241767 in African Americans, with those with the AG/GG

Obesity (Silver Spring). Author manuscript; available in PMC 2012 November 29.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Wassel et al.

Page 5

genotypes having larger common cIMT (p=0.0071) in demographic adjusted models (Table
2). Adjustment for European ancestry strengthened this association slightly and the p-value
criteria for multiple comparisons was met (p=0.0043). Further adjustment for cardiovascular
risk factors, including smoking, alcohol use, education, income, diabetes, chronic kidney
disease, hypertension, anti-hypertensive and lipid lowering medication use, body mass
index, waist circumference, systolic and diastolic blood pressure, trigylcerides, HDL
cholesterol, LDL cholesterol, fasting glucose, C-reactive protein, did not substantially alter
any of the above associations. No SNP-SNP interactions were present for any ethnic group
for SNPs with p<0.05 by 2 df test.

Among Hispanics, rs11711353 was associated with presence of CAC, with those with the
AA genotype having a 37% greater CAC prevalence compared to the GG genotype
(p=0.0011) (Table 3). Further adjustment for European ancestry and Native American
ancestry did not change the strength of the association. Common cIMT differed somewhat
between the AA and TT genotypes of rs7649121; however, the difference was not
significant, p=0.02. Further adjustment for cardiovascular risk factors did not alter any of the
above associations, and there were no SNP-SNP interactions present.

We calculated detectable effect sizes given the set paramters of 80% power, allele
frequencies observed, and a sample size of ~700 for each racial/ethnic group. For a SNP
such as rs2241767, modeled as a dominant SNP (1 degree of freedom) with the
heterozygous/rare homozygous combined group having a frequency of ~9%, we have 80%
power to detect an RR of ~1.65 for CAC presence, and a beta coefficient of ~0.04 mm for
common cIMT among African-Americans with a type 1 error rate of 0.005. For a SNP such
as rs11711353, modeled as 2 degree of freedom SNP, with a minor allele frequency of ~1%,
we have 80% power to detect an RR of ~3.50 for CAC presence among Hispanics with a
type 1 error rate of 0.005.

Discussion

Among African Americans, rs2241767 in the adiponectin gene appears to be an important
SNP in explaining variation in subclinical CVD as it was significantly associated with CAC
presence and common cIMT in models adjusted for demographics and European ancestry, as
well as additional adjustment for cardiovascular risk factors. rs1063537 and rs1063539 were
also associated with CAC presence, although these SNPs were in high LD with each other in
African Americans, r2=0.90. In demographic, ancestry, and CVD risk factor adjusted
models, rs11711353 was associated with CAC presence among Hispanics.

Few previous studies have examined the effects of AD/POQ SNPs with subclinical
measures of CVD. rs2241766 and rs1501299 have been the most frequently studied variants
of AD/IPOQ in relation to subclinical CVD, but the results have been inconsistent overall.
Among pre-hypertensive participants in the Mexico City Diabetes study, the G allele of
rs2241766 (+45G/T) SNP was associated with increased common cIMT (RR 1.45 95% ClI
(1.04-2.01) for the top quintile versus lowest quintile)(19). Mackevics et al(21) found no
association of rs2241766 or rs1501299 (+276G/T) SNPs with cIMT in the Salzburg
Atherosclerosis Prevention program in subjects at High Individual Risk (SAPHIR) cohort.
Patel et al(22), in 1306 Caucasian men and women from the Relationship between Insulin
Sensitivity and Cardiovascular disease (RISC) study, found rs266729 (-11377C/G)
significantly associated with common IMT in fully adjusted models; those with the G allele
had significantly higher cIMT than those with the CC genotype (601 versus 590 pm,
p=0.011). Other AD/POQ SNPs, including rs2241766, were not associated with common
cIMT in that study. In a study of 708 Korean participants with type 2 diabetes, Kim et al(20)
found the GG genotype of rs2241766 was associated with higher odds of coronary artery
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plaques compared to the T allele carriers. That study found no association of rs2241766 or
rs1501299 with common cIMT. All of the above studies were in one ethnic group, used just
a few AD/POQ SNPs, were small, or were not stringent about adjusting for multiple
comparisons. By contrast, we examined the association of AD/POQ and subclinical CVD in
four ethnic groups of ~700 participants each, with 11 variants different from those described
above, and adjusted for multiple comparisons. Unfortunately, none of the MESA SNPs
overlapped with the above studies, so direct SNP comparisons are not possible.

In the earliest stages of atherosclerosis, circulating adiponectin stimulates production of
nitric oxide in endothelial cells(28) and has been shown to suppress expression of cellular
adhesion molecules by inhibiting endothelial NF-xB signaling through the activation of
cAMP protein kinase C(29,30,31,32). At the later stages of atherosclerosis, adiponectin
inhibits the proliferation and migration of smooth muscle cells by binding to platelet derived
growth factor(32,33). Adiponectin also promotes plaque stability in the more advanced
stages of atherosclerosis by increasing the expression of a tissue inhibitor of matrix
metalloproteinases in macrophages(33). A study by Matsuura et al(34) suggests that
adiponectin may mediate lipid production and protect against atherosclerosis by increasing
protein and mRNA levels of ABCAL and apolipoprotein A-1 which in turn increases HDL
assembly.

Circulating adiponectin promotes adipocyte differentiation and enhanced insulin sensitivity.
Low levels of circulating adiponectin have also been linked to obesity, particularly central
adiposity, and insulin resistance(35,36,37). Experimental evidence has shown that
adipocytes that over-express adiponectin lead to more adipocyte differentiation and
increased insulin-responsive glucose transport activity(35). It has also been hypothesized
that adiponectin may increase insulin sensitivity and lower glucose levels by decreasing
hepatic production, increasing fatty acid oxidation, and lowering intramyocellular lipid
content(36).

The adiponectin gene, AD/POQ, encodes the circulating protein adiponectin. A number of
studies have shown that variants of the gene are associated with circulating adiponectin
levels(14,15,17,18) and one hypothesis is that AD/POQ affects adiponectin levels, which in
turn could affect cIMT and calcification. Recently, however, it has been shown that
ADIPOQ s also expressed in vascular tissue, not just in adipose tissue(12). Treatment of
patients with type 2 diabetes with quinapril increased adiponectin gene expression in the
vascular tissue by two times(12). In addition, another study found that AD/POQ expression
in epicardial adipose tissue was increased in patients with coronary artery disease compared
to those without, and this expression increased with the number of injured arteries(38). This
evidence possibly supports a more direct role of AD/POQ in the various stages of the
atherosclerotic process (rather than just through affecting circulating adiponectin levels),
which then could lead to thicker IMT and increased calcification.

The most interesting SNPs within AD/POQ in our study were in the intron 2 (rs2241767),
the 3’ untranslated region (UTR) (rs1063537, rs1063539), or in the 5’UTR of AD/IPOQ
(rs11711353). Introns are non-coding regions of a gene; however, there is evidence that
introns of the protein-coding gene transcripts can affect gene expression by repressing
translation or cleaving RNA transcripts (39). It is possible that a SNP in the intron could be
in high LD with a causal variant in the exon. Menzaghi et al(13), in a meta-analysis and
review of AD/POQ variants and associations with serum adiponectin, CVD, and type 2
diabetes, further notes that the 3 UTR of the gene, where some variants of AD/POQ have
been found that influence serum adiponectin levels, is shown to control gene expression
through binding to proteins that regulate mRNA translation and degradation. Additionally,
variants in the promoter region or 5’UTR of adiponectin affect circulating adiponectin
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levels, enhancing AD/POQ promoter activity(13). Areas upstream of a gene are also thought
to regulate mMRNA translation(40).

This study has several important strengths but also some limitations. Due to the varied
ethnicity of the MESA cohort, we could examine the SNP-subclinical CVD association in
Caucasian, African American, Chinese and Hispanic populations; many other studies have
concentrated only on one ethnic group. Using the tagSNP approach to choose SNPs enables
the capturing of the variation across the adiponectin gene rather than just choosing a few
SNPs from the adiponectin gene as previous studies have done. Furthermore, tagSNPs were
chosen from both HapMap and Seattle SNPs with an initial minor allele frequency of >0.05.
No previous studies of the adiponectin gene and subclinical CVVD have used a tagSNP
approach to examine associations or have examined these associations in a variety of
ethnicities. Many steps were taken to minimize measurement error and to ensure the quality
of the cIMT and CAC measures in the MESA. Many genetic association studies do not
control for population stratification within racial/ethnic groups; in this study, there were
well-characterized ancestry measurements for the admixed groups (African Americans and
Hispanics). It is possible that there are SNPs with minor allele frequencies of less than 0.05
that are important. There were some AD/POQ SNPs reported as important in previous
studies, particularly rs2241766 and rs1501299, which were not genotyped in MESA.. Due to
the complexity of the algorithm for choosing the AD/POQ SNPs in MESA, some of the
tagSNPs tag each other, i.e. they have an r2>0.80, and some previously studied SNPs such as
rs266729, rs2241766, and rs1501299 were not chosen as tagSNPs. Furthermore, 2 SNPs
chosen (rs9877202, rs1403697) were not polymorphic for the Chinese or Caucasian groups.
Given that associations of 11 AD/POQ SNPs and subclinical CVD were examined for four
outcomes and four ethnic groups, multiple testing is a limitation. This study did not have
serum adiponectin levels available in order to test whether AD/POQ SNPs were associated
with subclinical CVD independent of serum adiponectin. Additionally, this study focused on
subclinical CVD measures in participants with no known clinical CVD; thus the full range
of CVD severity was not examined.

We found variants of AD/POQ, many of which have not previously been studied,
significantly associated with subclinical CVD in both Hispanics and African Americans in
MESA. However, further, larger studies are warranted to replicate these findings. There are
still many AD/POQ SNPs that have not been examined; thus far only a small proportion of
them have been studied(13). Further study will also be needed to determine which SNPs
may be functional variants. Information such as this could eventually be used in developing
better risk profiles to predict cardiovascular disease. With new genetics initiatives and
consortia currently in progress, large studies with consistent phenotyping and genotyping
methods will be possible, and may help in addressing some of these remaining questions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1 shows the pairwise linkage disequilibrium (r2) by racial/ethnic group for single

Pairwise linkage disequilibrium () for adiponectin gene SNPs
nucleotide polymorphisms in the adiponectin gene.
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