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Abstract

Background—From initiation to plaque rupture, immune system components contribute to
atherosclerosis. We investigated variation in inflammation-related genes — Interleukin (IL)-1p, IL-6,
C-reactive protein (CRP), IL-10, IL-18, and the Tumor Necrosis Factor (TNF) superfamily
[Lymphotoxin(LT)-a, TNF-a, LT-B] — with respect to nonfatal incident myocardial infarction (MI)
or ischemic stroke risk.

Methods & Results—A population-based case-control study recruited postmenopausal and/or
hypertensive Group Health members aged 30 to 79 years. We chose a subset of single nucleotide
polymorphisms (SNPs) to describe common gene-wide variation on the basis of linkage
disequilibrium. 36 SNPs, describing 38 common haplotypes for 5 genes and a 3-gene cluster, were
genotyped among 856 MI cases, 368 stroke cases, and 2,688 controls. Associations of SNPs or
PHASE-inferred haplotypes and risk were estimated using logistic regression; significance of gene-
level associations was assessed with global Wald tests and permutation tests. Gene-wide IL-18
variation was associated with higher Ml risk and an IL-1B haplotype was associated with lower
stroke risk. In secondary analyses of SNPs, we observed associations of several IL-1B
polymorphisms with risk of Ml or stroke. IL-6, CRP, IL-10, and TNF superfamily gene variation
was not associated with MI or stroke risk.

Conclusions—Our results support prior reports associating an IL-18 gene variant and Ml risk,
contribute additional evidence to reports of IL-1B and cardiovascular risk, and fail to confirm risk
differences previously observed for CRP, IL-6, and TNF-a promoter variants.
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From initiation to plaque rupture, the immune system contributes to the atherosclerotic process.
1,2 | evels of both C-reactive protein (CRP), an acute phase reactant, and interleukin (IL)-6,
a pleiotrophic cytokine critical to itsgroduction, have been repeatedly found to be reliable
predictors of cardiovascular disease.” 4 Other cytokines, including anti-inflammatory 1L-10
and proéinflammatory TNF-a, have been associated with cardiovascular outcomes among older
adults.

Based on prior associations between inflammation markers and cardiovascular disease and
heritability estimates suggesting strong to moderate genetic component for levels of key
inflammation markers, © / we speculated that variation within inflammation genes might result
in lifelong exposures to higher or lower levels of inflammation system components. Such
differences might then influence nonfatal incident myocardial infarction (MI) or ischemic
stroke risk. A similar premise motivated a recent investigation of polymorphisms related to
low-density lipoprotein levels, which found that the variants were also associated with lower
coronary heart disease risk. 8 Using a population-based case-control study, we investigated
sequence variations in IL-1B, IL-6, CRP, IL-10, IL-18, and the tumor necrosis factor (TNF)
superfamily [lymphotoxin (LT)- o (LTA), TNF-a, LT-B (LTB)] genes. Because multi-locus
haplotypes are expected to provide more information about relationship between genetic
variation and phenotypes than single variants, 9 our approach considered gene-wide variation
in our primary analyses.

METHODS

Setting

This study was conducted in the setting of Group Health, a large health maintenance
organization commonly offered as an insurance option by many employers in the state of
Washington. These analyses were conducted as part of ongoing population-based case-control
studies of MI, stroke, and other cardiovascular outcomes. The methods, which have been
described elsewhere, 10: 11 are summarized below. The Group Health Human Subjects Review
Committee approved the study and all participants provided written informed consent.

Study Population

Study participants were members of Group Health aged 30 to 79 years who were either adults
with pharmaceutically-treated hypertension or postmenopausal women who were alive at the
time of study recruitment. We used computerized discharge abstracts and billing records to
identify participants who suffered an incident M1 or ischemic stroke during the study period
(January 1, 1995 through December 31, 2002).

Controls, randomly sampled from the Group Health enrollment files on the basis of person-
time,12 were frequency-matched to the MI cases based on age (within decade), sex, calendar
year of presentation, and medically treated hypertension. We excluded Ml cases if they had a
history of ischemic stroke, stroke cases if they had a history of MlI, and control subjects if they
had a history of either M1 or stroke. Cases whose event was a complication of a procedure were
not eligible for the study.

All subjects were assigned an index date. For the cases, the index date was the date of admission
for the first M1 or stroke; for the controls it was a computer-generated random date within the
same calendar year for which they were chosen as controls.

Data collection

Data collection included a review of the medical record, a telephone interview, and a venous
blood sample from subjects who agreed to participate. Information about eligibility and risk
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factors for MI and stroke for the period before the index date was obtained by reviewing the
outpatient medical record. Additional information regarding social and behavioral factors
related to cardiovascular disease risk was obtained by telephone interview. Subjects were
required to have had at least four health care visits prior to the index date to increase the
likelihood that information would be available on health conditions. Incident events of
myocardial infarction and stroke were verified by review of inpatient and outpatient medical
records. For MI, confirmation was based on symptoms, electrocardiogram findings, enzyme
levels, and physician diagnosis and treatment. For ischemic stroke, confirmation required the
rapid onset of a neurologic deficit that persisted at least 24 hours or evidence of infarction on
brain imaging studies.

Blood collection and laboratory analysis—A research nurse or certified phlebotomist
visited the participants, obtained informed consent, and collected a venous blood sample. Blood
was processed using standard methods and DNA was extracted from a single white-cell aliquot.

Genetic Assays—Genes related to inflammation were selected a priori and single
nucleotide polymorphisms (SNPs) were identified by genomic resequencing by Seattle SNPs
13 (CRP, IL-1B, IL-6, IL-10, TNF, LTA, LTB) or Innate Immunity 14 (I1L-18) among 23
European-American and 24 African-American DNA samples from the Coriell Repository.
Sequencing included at least 94% of the gene and its immediate flanking region for all genes.
For each gene, we chose a subset of highly-informative SNPs to describe common gene-wide
variation on the basis of linkage disequilibrium using ldSelect. 15 With this method, all
polymorphisms above our specified frequency threshold (5%) in the discovery populations
were assayed directly or exceeded a specified level of correlation (r2 = 0.64) with an assayed
polymorphism.

Genotyping—Genotyping was performed by Illumina® with a GoldenGate custom panel
using BeadArray® technology. Illumina® personnel were blinded to case-control status. From
the final list of 71 SNPs, 60 SNPs in the 8 genes were successfully genotyped on the Illumina
® platform. Among the 60 successful SNPs, 99.95% of nucleotide pairs were successfully
called.

Data Analysis

We used PHASE 16 to infer haplotypes from the unphased SNPs genotyped for each gene and
coded the resulting haplotype variables according to the number of copies present for each

participant. For the TNF superfamily, primary analyses considered haplotypes constructed for
the three-gene cluster. To accommodate uncertainty in haplotype estimation, participants were
assigned multiple haplotype combinations along with a probability, which was used as a weight
in analyses clustered on participant. 17 Haplotypes present in fewer than 2.5% of the control
Egrticipants were grouped into a single “rare” bin to improve the power of global score tests.

Statistical analyses were conducted using Stata, version 8.2 (College Station, TX). Hardy-
Weinberg Equilibrium was assessed using a Pearson’s y2 test of expected proportions.
Associations of haplotype and risk were calculated using logistic regression, which allowed
estimation of odds ratios for each haplotype adjusted for race and the matching variables: age,
sex, index year, and treated hypertension status. If a haplotype containing the common allele
for all sites was not common, the most prevalent haplotype was used as the reference group.
Gene-wide significance was assessed by fitting a model that included all common haplotypes
and the group of rare haplotypes. For each gene, a Wald test of the hypothesis that none of the
common haplotype’s odds ratio, relative to the reference haplotype, differed from 1.0 served
as a global test of association. Primary analyses considered an additive model for haplotype
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associations; odds ratios represent the odds of an event associated with an additional copy of
the haplotype relative to an additional copy of the reference haplotype.

In addition to the global test, we calculated a permutation test [a max(z2) statistic], which is
expected to have greater power to detect associations in instances in which a single haplotype
has a much larger association than all others. 18 For each gene and outcome (MI and stroke),
we determined the haplotype with the largest test statistic and calculated an empirical p-value
by shuffling a person’s set of genotypes with respect to the phenotypes (case-control status,
participant characteristics) to create 1,000 permuted datasets. The analyses were then repeated
on each of the shuffled datasets to see how often a haplotype was observed to have a test statistic
value as extreme as the maximum observed in the unshuffled dataset. The empiric p-value is
the number of shuffled datasets with an equal or more extreme test statistic divided by the
number of permutations.

Secondary analyses considered the association of individual SNPs and M1 or stroke risk. These
analyses used logistic regression and assumed an additive model for SNPs. We evaluated the
adequacy of this assumption with a likelihood ratio test comparing the additive model to general
association (2df) model. We explored the possibility that results differed by sampling strata or
clinical characteristics by fitting logistic regression models that included product terms. To
further explore potential interactions we subsequently used Logic Regression, an adaptive
regression method that constructs predictors as Boolean combinations of binary covariates,
19+t0 search for potential high-level interactions between SNPs. From the 60 SNPs successfully
genotyped in the study population, 15 were found to be homozygous in all participants or
extremely rare (<2% minor allele frequency), 8 were tightly linked (r2 > 0.8) with another
genotyped SNP, and 1 showed extreme differences from the genotype frequencies predicted
by Hardy-Weinberg Equilibrium. Many of these SNPs were initially selected to describe
variation among African-Americans or were intentionally chosen to improve the probability
of successfully-genotyping a tag SNP for a given bin. These sites were not included in analyses
of individual SNPs, leaving 36 variants. No correction was made for multiple testing and our
conclusions of significance are based on a Type | error rate of 0.05 per test. For our primary
hypotheses, we used the global and permutation tests to assess significance using a significance
level of 0.05 for each gene and outcome (MI and stroke).

The authors had full access to the data and take responsibility for its integrity. All authors have
read and agree to the manuscript as written.

Some characteristics of the study participants are shown in Table 1. Our analyses included
2,688 controls, 856 MI cases, and 368 ischemic stroke cases. We observed expected differences
between cases and controls, with diabetes, higher blood pressure, and higher cholesterol more
common among the MI and stroke cases.

Gene results

A summary of the genes investigated in this study is shown in Table 2. The 36 bi-allelic tag
SNPs considered for analyses provided good coverage (>90%) of the common SNPs found in
the European-descent variation discovery panels for all of the genes except for IL-18 and the
TNF superfamily. Among these 36 SNPs, the allele frequency for rs30224498 (IL-10)
significantly differed from the expectation of Hardy-Weinberg Equilibrium among self-
described White participants; rs360722 (IL-18) and rs2229094 (LTA) differed from the
expected frequencies among self-described African-Americans.
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Common haplotypes accounted for 87 to 98% of all observed haplotypes for the genes in this
analysis. Global gene-wide tests indicated an association of gene variation and M risk for the
IL-18 gene (p=0.009). The permutation tests also suggested an association of an 1L-1B
haplotype and ischemic stroke risk (p=0.022).

IL-18—The analyses for IL-18 included five common haplotypes defined by six common
SNPs, plus a group of rare haplotypes. Table 3 summarizes the association of 1L-18 haplotypes
and SNPs with MI and ischemic stroke risk. In rows, a matrix of nucleotides shows the alleles
present for each common haplotype, the haplotype prevalence for cases and controls, and odds
ratios and 95% confidence intervals for M1 and stroke risk. In columns, each SNP’s minor
allele frequency among controls is shown along with the odds ratios and 95% confidence
intervals for MI and stroke risk. Among these, we observed a gene-wide association of I1L-18
haplotypes and MI risk. Haplotype 5, present in 32% of control participants and 28% of Ml
cases, contains the minor allele for rs2043055, a SNP in the gene’s first intron, and appeared
to be the haplotype responsible for the gene-wide association with Ml risk. Compared to the
reference haplotype, which contained the common allele for all genotyped sites, each additional
copy of haplotype 5 was associated with a lower Ml risk (odds ratio, 0.74; 95% confidence
interval, 0.64 to 0.87). IL-18 haplotypes were not associated with stroke risk.

In analyses of individual IL-18 SNPs, each copy of rs2043055’s minor allele was also
associated with a lower risk of MI (0.81; 0.72 to 0.91). No IL-18 SNP was associated with
ischemic stroke risk.

IL-1B—Our analyses of the IL-1B gene included six common haplotypes defined by six
common SNPs plus a group of rare haplotypes (Table 4). While IL-1B haplotypes were not
associated with M1 risk, we observed an association of one IL-1B haplotype and stroke risk.
Haplotype 4, prevalent in 22% of controls and 26% of stroke cases, contains the minor allele
for rs1143629, a SNP in the gene’s second intron. Compared to the reference haplotype, which
contains minor alleles for rs3917356 and rs1143633, each additional copy of haplotype 4 was
associated with higher stroke risk (1.38; 1.12 to 1.71).

When we considered individual IL-1B SNPs in additive models, additional copies of the
rs1143629 minor allele were associated with higher Ml risk (1.13; 1.01 to 1.27) and additional
copies of the rs3136558 were associated with lower Ml risk (0.86; 0.75 to 0.98). For stroke,
the minor alleles for each of the two modestly correlated (r2 = 0.54) minor alleles present on
the reference haplotype was associated with lower stroke risk.

CRP, IL-6, IL-10, TNF Superfamily—For the CRP, IL-6, IL-10, and the TNF superfamily,
we did not observe a significant global test or max statistic for either Ml or stroke. The results
were similar when SNPs were analyzed separately; additional copies of the minor allele were
not associated with M1 or stroke risk for any SNP in these genes. Tables for these genes are
available in an online appendix.

Subgroups & interactions—~Results were similar when the sampling strata
(postmenopausal women, participants with treated hypertension) were considered separately.
Findings did not differ in analyses restricted to participants who self-described their race as
White. We evaluated several interactions between genes and clinical characteristics (including
age, sex, obesity, diabetes) and drug-gene interactions for common classes of hypertension
medications and statins and found no more significant differences than expected by chance
alone. In Logic Regression models used to explore potential interactions among SNPs
permutation tests indicated that for both MI and stroke the data did not contain significant
signal for SNP-SNP interaction.
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DISCUSSION

In this study of common genetic variation among eight inflammation-related genes, one gene
(IL-18) was associated with Ml risk and another (IL-1B) with ischemic stroke risk. A common
IL-18 haplotype was associated with lower Ml risk (OR, 0.74; 95% ClI, 0.64 to 0.87]) and an
IL-1B haplotype was associated with an increased risk of stroke (1.38; 1.12 to 1.71). Of 36

SNPs, three were associated with incident M1 and two were associated with ischemic stroke.

Our results for I1L-18, a pro-inflammatory cytokine related to production of both T and B cells,
are consistent with previous studies of the IL-18 gene’s relationship to cardiovascular
outcomes. Although there are no previous reports on the SNP associated with Ml in this study,
an IL-18 haplotype was associated with both lower levels of circulating IL-18 and lower risk
of cardiovascular death (HR, 0.57; 95% ClI, 0.36 to 0.92) among a cohort of coronary artery
disease patients. 20 The presumed SNP marking the haplotype of interest is located in the
gene’s 3’ untranslated region (+183A>G [rs5744292]). While we did not genotype this variant
directly, rs2043055, the SNP marking haplotype 5 in our analyses was in modest, but
significant linkage disequilibrium (r2 = 0.34) with it among the European-descent variation
discovery samples. Both this SNP and haplotype 5 were also associated with lower MI risk
among our participants.

Our finding of increased stroke risk associated with an IL-1B haplotype marked by
rs1143629 supports some findings from previous research. In another study of the IL-1B gene,
which codes for a proinflammatory cytokine, a polymorphism in the gene’s 3’ flanking re%ion
(-511C>T [rs16944]) was associated with increased risk for small vessel disease stroke. 1
Although we did not genotype this polymorphism directly, rs1143629 was in high (r? = 0.81)
linkage disequilibrium with it among the European-descent variation discovery panel. In our
analyses of rs1143629, we observed a modest, but significantly higher risk of M1 risk for
additional copies of the minor allele. For ischemic stroke, the risk estimate was similar, but the
confidence interval included 1.0. These findings are in contrast to an observation by lacovello
et al that homozygotes for the minor allele of the rs16944 polymorphism were at lower risk of
M1 and ischemic stroke. 22 Our findings of lower M risk for rs3136558 and lower stroke risk
for rs3917356 and rs1143633 appear to be novel. Although other gene clusters coding for IL-1
proteins, such as IL-1RA, have been widely investigated in relation to stroke, we did not
genotype any polymorphisms in these genes.

Our results for IL-10, an anti-inflammatory cytokine that inhibits a range of pro-inflammatory
cytokines are consistent with an absence of an association with Ml risk. 23,24 No IL-10 SNP
or haplotype was associated with Ml or ischemic stroke risk among our study population.

Our analysis of polymorphisms of the TNF superfamily, a series of three genes (LTA, LTB,
TNF) in close proximity within the major histocompatibility locus whose products play an
important role in immune system regulation, did not support previous findings relating gene
variation to cardiovascular outcomes. Among coronary artery disease patients, two TNF
promoter region polymorphisms (including —308G>A [rs1800629]) were not associated with
MI risk, 23 while other studies observed a lower risk of stroke for carriers of the rs1800629
minor allele. 25 26 1n our data, rs1800629 was not associated with stroke risk, but in a post-
hoc analysis, minor allele homozygotes were observed to have lower Ml than carriers of two
copies of the common allele [AA vs. GG, OR, 0.47; 95% ClI, 0.25 to 0.87].

Although a case-control genome-wide scan identified LTA SNPs (rs909253 and others in high
LD with it) associated with M1 risk among Japanese participants, 7 confirmation of these
results have been mixed. A recent large-scale case-control study and meta-analysis of
subsequent studies concluded that common LTA polymorphisms are not strongly associated
with coronary disease susceptibility. 28 Qur results contribute additional evidence for a lack
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of association; among our study population rs909253 was not associated with MI or stroke
risk.

We did not observe evidence to support a role for IL-6 gene variation in Ml or ischemic stroke
risk. In population studies, (=174G>C [rs1800795]) has been associated with cardiovascular
outcomes including Ml risk 9 and increased CHD and mortality risk, 30 hut we did not observe
any associations of this, or any other IL-6 SNP or haplotype, with risk of MI or stroke.

Our results do not support existing evidence suggesting that variations in the CRP gene
sequence are associated with cardiovascular disease. For instance, among the European-
American cohort in the Cardiovascular Health Study, the minor allele of one CRP
polymorphism (1919T [rs1417938]) was associated with increased stroke risk and CVD
mortality while the minor alleles of two other CRP SNPs (2667 £r31800947] and 3872
[rs1205]) were associated with decreased CVD mortality risk. 3L we genotyped these SNPs
and did not observe associations with M1 or stroke, but our study was limited to survivors of
incident events and the strongest associations in CHS were found among the fatal cases.

We investigated gene variation among eight inflammation-related genes by analyzing 38
common haplotypes described by 36 SNPs in a large population-based case-control study of
incident nonfatal M1 and ischemic stroke. Our strategy for genotyping provided a thorough
description of most common variation within genes, and several sources of high-quality clinical
information were available. Our sample size provided ample power to detect modest
associations: for a variant with a prevalence of 10%, we had 90% statistical power to detect an
odds ratio of 1.5 for Ml and 1.7 for ischemic stroke.

Participants in our study were those who survived incident events and were able to provide a
blood sample. For this reason, variants related to case-fatality or post-event survival would be
under-represented in our study population. We also chose to investigate common genetic
variation; so any associations of rare polymorphisms with cardiovascular events would not be
captured in this study. The associations observed in this study might reflect associations of
SNPs linked to those that we genotyped. While we relied on global tests for our primary
analyses to reduce the number of statistical tests performed and limit false-positives, it is still
possible that some of our results are chance findings. In particular, the secondary analyses of
SNPs involved 36 tests for MI and ischemic stroke. At a 0.05 significance level, we would
have expected approximately 2 significant results by chance alone for each outcome. Finally,
although we attempted to characterize all common genetic variation in these genes, our
coverage for two genes was modest (>60%) among participants of European descent and
among African-Americans. Thus, it is possible that untyped variants in these genes may be
associated with risk.

The results from our study support prior reports associating an I1L-18 variant and MI risk,
contribute additional evidence to conflicting reports of IL-1B variation and cardiovascular risk,
and fail to confirm associations previously observed for CRP, IL-6, IL-10, and TNF-o promoter
variants.
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Controls 2688

Myocardial infarction

Ischemic stroke cases

cases 856 368

Sex, % male 42 43 31
Caucasian, % 91 91 91
Age, years 65 + 10 66 + 10 69 +9
Body Mass Index, kg/m2 30+6 30+6 30+7
Current Smoking, % 10 18 13
Group Health membership, years 22+12 19+12 20 +13
Diabetes,% . 11 24 25
Any CVD % 11 23 14
Current statin use, % 10 12 8
Blood pressure before index 138+ 19 142 + 20 146 + 22

Systolic blood pressure, mmHg 81+11 81+11 82 +12

Diastolic blood pressure, mmHg
Cholesterol, mg/dl 221 +54 232 +48 229 +44
High-density cholesterol, mg/dI 53 + 17 49 +15 52 + 17

Unless otherwise indicated, numbers in table are means +/— standard deviation

*
Any CVD includes a history of congestive heart failure, angina, PTCA, or CABG surgery

Atherosclerosis. Author manuscript; available in PMC 2009 May 1.



Page 12

Bis et al.

sasAjeue Joj uiq . aJel,, 816uls e ol padnolb a1am 946z eyl uowwod ssa| sadAjojdey ‘syuedionued jo13u0d Buowre uowwod sadAjojdey Jo abejusdiad ayy 03 Siajal UOWIWOI JUdIIBd

“Apnas siyy ut padAiouab Ajinyssadans sdNS Bl ayy Ag painided sgNS uowwiod s,auab e Jo abeiuaaiad sy 01 siagal painided SdNS uowwoD

Aunwwiareuu] pue sdNSa|Neas Aq pawJioyiad AISA0JSIP UoleLIeA 0} Jajal paduanbas Juadiad pue 8zis aus9

(00070 sem anjea-d eoudwsa ay ‘suoireinwiiad 0Q0‘T Jale) 8T-T11 404 pawiopad a1em 000‘0T ‘Ajiwepiadns 4N 8yl pue ‘0T-T1 ‘9-11 ‘GT-T11 ‘ddD 4oy pawioyiad alam suoneinwiad 000'T

“ejep adAouayd 03 10adse

Jynm panwiad asam sadAlousb Jo 18s s,uoslad B YIIYM Ul S1aserep Wo.) 1S8) 9409S WNWIXeW 8y} 0} 18selep [en]oe ay) WoJj 1S8) 8109S winwixew ay) Buriedwod Aq paiejnojes alem sanjen-d (zz)xew

4

0'T WOy paIaylp onel sppo s,adAo|dey uowwod ou ey sisaylodAy ays Joj 183 pleAn e Buisn pare|nojea atam sanfea-d _So_oH

(a1
T %00T 0€8'Y ©13q uIxojoydwA
(4NL) eydpe
4 %00T (4447 *10]9€} S1S0493U Jown |
(vL17)
¥ %00T €€0'S eydye uixoyeydwA
Ajlwepiadns
6990 8990 G880 €V6°0 %16 L %89 9 10308} SIS0I03U Jown |
6V€°0 80000 80€0 6000 %v6 S %€9 9 %00T 918'ze (8T-T11)8T upinapiay|
9090 €70 €Ie0 9950 %86 L %00T 9 %00T 6.8'L (0T-11)0T upinapsRul
€2¢C0 .€0 ¥8¢°0 9EV’0 %86 8 %V6 L %6 6708 (-9 c_v_ﬂm:&cw
at-1l
2200 SVE0 T.0°0 Y€E0 %.8 9 %S6 9 %00T ¥l €19q T UuBnaau|
(dy4D) uigo0.id aAREAI
1020 6860 4040 966°0 %v6 S %00T S %86 9€8'9 -0
%
‘paanided
SdANS
041 1IN oIS IN uowwod Juadiad u ‘sadA1ojdey uowwod u ‘sdNs be1 paouanbas juadiad (sared aseq) azis auah
Nm:_ms.a (zz) xew Hmo:_m?n_ eqo|b
synsad auab Jo Arewiwing
¢ 9lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Atherosclerosis. Author manuscript; available in PMC 2009 May 1.



Page 13

Bis et al.

“1eak JUaAa 79 ‘snyels uolsuaLadAy payeal) ‘adel ‘Xas
‘abe Joy paisnipe sjapow uoissalhal o1sIBo] Woly aJe soljel SPPO “Jaquinu 8duanbas aoualagal 19N 418y} 01 BuipIoade pajage| ate SINS "a]8][e Joulw ay} Jo Adod [euonippe Ue YlIm palelidosse 8)041s Jo
1IN 40 s 8y Bunuasaidal soljes Sppo pue sjos3u0d Buowe sa1ouanbaiy aja)e Jouiw dNS Moys (suwnjod) [earaA “adAlojdey asuaiayal ayr 03 patedwod adAiojdey ayy Jo Adod [euonippe ue 1oy %su ayy
Bunuasaidal solre SPPoO YIIM S|013U02 pue sased 1o} aouafenald adAiojdey moys ‘(Jeiuoziioy) smoy "adAl pjoq ul payedipul si aja|je Jouiw ay | “adArojdey yoes Buisodwiod sajajfe ayr Smoys ‘anode ‘pub ay

(92’7101 76°0) (60°T 03 (20T O (TzT O (8T 01 vzt (10 %56

10T £9°0) €8°0 99°0) ¥8°0 88'0) €0°'T 16°0)ST'T 0106'0)90°T *HO) axjons

T (6T'T O (0zT O (1670 03 (sTTO (TTT (fe}

0126'0) 20°T £€8'0) 66'0 98°0) 20'T 2.°0) 18°0 68°0) T0'T 0168°0) 66'0 %66 'HO) IN

gogo=d 6000=d 1581 pfem eqo|6
(8gTO1 (zrTO1

6L°0)TT'T 9 69°0) 88°0 9 9 laylo
(TeTOM (281001

78'0) S0'T 1€ 79°0) ¥2°0 82 z€ v 9 9 9 v 2 G adfoldey
(zozo (90T 01

¥8°0) 0E'T 14 G50) L2°0 € € o) 9 9 9 v o)  adAjodey
(zsTO (toT0

160) 12T 82 ¥1°0) /80 9 514 o} 9 9 v o) " ¢ adfio|dey
(ezTOM (e0T O

19'0) 16'0 6 69°0) G8°0 0T (0] o} o] v v v v ¢ adAio|dey

FEX| 12 PLX| 12 €C v 9 9 v v 2 T adio|dey

(938

((fe] (89¢ =u) (8892 (sjo13u00

%56 HO) =U) % (10 %56 % =U) % Buouwie)

oA ‘oS HO) IN ‘IN ‘lo1uod a7 0T €T 8¢ 9z oy % ‘AVIN

168288¢s4 Vi zag ke 22.09€s1 G50€70zs4 8T.09¢€s4 6TSOV6T S4

90115 40 [IAl 40 S UM UoReLIRA 8Ush 8T-T7] JO UONEBIJ0SSY
€ 9|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Atherosclerosis. Author manuscript; available in PMC 2009 May 1.



Page 14

Bis et al.

*1eak 1UaAa 79 ‘sniels uolsuauadAy pareal) ‘aoel ‘xas

‘abe 1oy paisnipe sjapow uolssalBal o1sIBo] Woly ale solrel SPPO “Jaguinu 8duanbas aouslagal |gON 418yl 01 Buipiodde pajage| ate SINS "a]9][e Joulw ay} Jo Adod [euonippe Ue YlIm paleioosse 8)041s Jo
1 40 Xs1 ayy Bunuasaidas solyes sppo pue sjosjuod Buowe saouanbaly aja]je Joulw NS Moys (suwnjod) [eaiia adAjojdey aoualayal ay) 01 pasedwod adAlojdey ay Jo Adod [euonippe ue oy Xsi ayl
ala][e Jouiw 3y -adAjojdey yoes Buisodwod sajajfe ayy smoys ‘anoge ‘prb ay |

Bunuasaidal solrel SPPO YIIM $]0JIU0D pue sased 1o} aousjenald adAlojdey moys ‘(Jeiuoziioy) smoy adAl pjog ui pareaipul

(rzT01 (#0701 (660 01 (rzT 01 (86°0 01 (ee'T (10 %56

98°0) €0°'T 1S°0) L0 04°0) €8°0 98°0) €0°T 2L°0) ¥8°0 0196°0) €T'T HO) 8xjons

(zoT 01 (TTO (oT'T 01 (86°0 01 (¥0'T 01 (LZTO110T) (fe)

8/°0) 68°0 62°0) 96°0 88°0) 86°0 G/°0) 98°0 €8°0) €6'0 eT'T %G56 ‘HO) IN

1.00=d veeo=d 158} plem [eqo|b
(zr'T 0 (6T'T O

¥8'0) 60'T €T €8'0) 66'0 €T €T Jaylo
(ecTO (ecTO1

29°0) 160 S €8°0)S0'T 9 9 o) v 9 v 9 9 9 adfio|dey
(65T O (seT ol

65°0) L6°0 2z 89°0) 96°0 14 € v 9 9 v 9 9 G adfoldey
(12700 (reT01

TT)8ET 9 66°0)ST'T e 44 2 9 9 v 9 9  adAjodey
(zsTO (60°'T 03

96°0) T2'T 6T 8.°0) 26°0 9T 8T v 9 9 9 9 v ¢ adfio|dey
(8sTOM Gzl

180) LTT 8 18°0) T0°T 8 8 2 9 9 v v v ¢ 8dAyordey

1o L o 0€e 1€ 2 9 v v v v T 8dAjordey

(958

((fe] (89¢ =u) (8892 (sjo13u00

%56 ‘H0) =U) % (10 %%6 % =U) % Buouwie)

axoa1S ‘9011 HO) IN ‘IN ‘loauod (4 8 Ge €z o e % ‘AVIN

99€/T6ES4 G9€/T6ESA £E9EyTTISA 8559€T¢ESA 95€/T6ESA 62957 TSA

NIH-PA Author Manuscript

90115 40 [|Al 40 SL YA UoljeLIReA aush gT-] JO UOIRID0SSY

v alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Atherosclerosis. Author manuscript; available in PMC 2009 May 1.



Page 15

Bis et al.

"319]e Joutw 8y} Jo Adoa [eu

*1eaK JUBAS 79 ‘'snie)s uoisuslIadAy payeal) ‘aoel ‘xas ‘abe 1oy paisnipe sjapou uoissaifial o1siBo| Woly aJe solel sppo

Jaquinu aouanbas aoualagal 1gON 41943 03 Buipiodde pajage| a1e sdNS

pe Ue YIIM Pajeloosse 8041 0 [N 40 YsLl ay) Bunussaidal solres Sppo pue sjojuod Buowe sarousnbaiy afajfe Joul NS Moys (SUwnjod) [ealaa

‘adA0]dey aduaiayal ayy 03 pasedwod adAojdey ayy Jo Adod [euonippe ue 1o} ¥si ayr Bunuasaidal Solres SPPO YIIM S|04IU0I pue Sased 10} aouajenald adArojdey moys ‘(jeiuoziioy) smoy

*adA1 pjog u1 palealpul si a9)e Joulw ay] "adAjojdey yoea Buisodwiod saja|je ayl smoys ‘anodge ‘piib ay L

(ecTO1 (n-zo (80T 01 (TzT 00 (TTO (szTO1 (99'T 01 26°0) (10 %56

81°0) 20T 98'0) SE'T 11°0) 160 G9°0) 68°0 ¥8°0) 66°0 2.°0) S6°0 €T H0) 8ons

(sTTO (zr'T o1 (czTO1 (90T 01 (80T 01 (L0101 (te'T (o]

81°0) ¥6°0 T.0)T0°T 16°0)60°T 69°0) G8°0 98°0) /60 €1°0) 88°0 0198°0) 90'T %56 ‘H0) IN

v8z0=d gey0=d 1581 plem [eqo|b
(L6701 T0°T) (00 01

€LT € ¥8°0) 62° z z Jayio
(06'T (85'T 01

01980) 82'T 8 06°0) 6T’ L L 9 9 9 2 2 2 9 g adAojdey
(er'T (eeTO1

01 89°0) 86°0 6 81°0) 20° 8 6 9 9 9 o) 9 v v £ 8dAjoldey
(csTO1TL0) (orT O

70'T 6 28°0) LO° 8 6 v 9 9 o) 9 o} v 9 adAio|dey
(or'T (or'T 01

01G/°0) ¥0'T €2 €6°0) 9T’ € €2 9 9 9 2 9 2 " G adAojdey
(¥€'2 01 18°0) (99T 01

8e'T € GL0)TT € € 9 v 9 o) o) 2 v ¥ 8dAjojdey
(TeT 01 T20) (05T 01

96°0 0€ 860) TZ' e 143 9 9 o} o) o) o} v ¢ adAio|dey

(62T

(ev'T 01%.°0)

0159°0) 96°0 L 160 9 L 9 9 9 v 2 o) v ¢ adAioldey

FEX| 6 PEXS| 8 6 9 9 9 2 o) 2 v T adAjo|dey

(9s8

(89¢ =u) (8892 (sjoa3u00

(10 %56 =U) % (10 %56 % =u) % Buouwre)

*H0) a0 ‘oS 40) IN ‘IN ‘lonuod 6 € e L 1172 6 L % ‘YN

198690254 £78690¢54 078690254 266990254 662008184 128690254 728690254

NIH-PA Author Manuscript

9Y011S 10 [N JO YSLI YIIM UOITeLIeA auab 9-T7| JO UOIIRIJOSSY
Vv Xipuaddy

NIH-PA Author Manuscript NIH-PA Author Manuscript

Atherosclerosis. Author manuscript; available in PMC 2009 May 1.



Page 16

Bis et al.

“1eak 1UaAa 79 ‘snjels uolsualadAy pareal) ‘aoel ‘xas ‘afie 1oy parsnipe sjapow uoissalfial onsiBo| Woly aie sonel sppo

Jaquinu aouanbas 8oualagal 1IN 418y} 01 Buipiodoe pajage| ase SdNS

*3]9]Je Jourw 8y} 4o Adod [euonIppe Ue YlIM PayeIoosse aY0is 10 [N JO st 8y Bunuasaidal sones sppo pue sjonuod Buole saiousnbaly afa|[e Jouiw dNS MOy (SULINjod) [eaILaA

‘adAjo01dey aouaiayal ayy 01 patedwod adAojdey ay) Jo Adoo Jeuonippe ue 1oy st ay) Bunuasaidal soles SpPo YIIM S|oAu0d pue sased oy sousjensld adAjojdey moys ‘(jeiuoziioy) smoy

"adA1 pjog u1 pajealpul si aja)e Joulw ay] "adAlojdey yoes Buisodwod sajaje ayl smoys ‘anoqe ‘prib ay L

(eeT (80T (szT 0 (86T 01 T2°0) (ozT (fe)
012/°0) 86°0 019/°0) 06'0 06'0) 90°'T 660 0168'0) T0'T %56 ‘HO) 8018
(ITrT (sTT (60T 01 (62T 01 18°0) T
012.°0) 68°0 01060) 20°T 180) L6°0 20T 0106'0) T0'T (10 %56 'HO) IN
Zovo=d 966'0=d 1581 pfem eqo|6
(06'T01T0'T) (et
8e'T 8 019/°0) L6°0 9 9 Jaylo
(8e'T (9T
01G5°0) £8°0 € 016/°0)T0'T 14 14 2 v 9 2 L G adfoldey
(0g'T (oT'T
01%8'0) SO'T 6¢ 01/80) T0'T 6¢ 6¢ v v 9 2 "  adAjodey
(15°T (82T
019/°0) 0T 9 018/°0) 00T 9 9 v v v 9 L ¢ adfio|dey
(6T (ztT
0168°0) IT'T 8¢ 01€8°0) L6°0 92 12 v v v 2 L ¢ adAio|dey
FEX| 12 PEX| 62 62 v 9 9 o) L T adio|dey
(938
(89¢ =u) (889¢
(10 %56 =U) % (10 %56 % =U) % (sjo13u00
*H0) a0 ‘ajons HO) IN ‘IN ‘lonuod L 6¢ € 9 0 Buowe) 9 ‘4VIN
110€60€gs4 0£9808zs4 629£7TSA /7600814 8€6.THTSI

NIH-PA Author Manuscript

9Y011S 10 [N JO YSLI YIIM UOITeLIBA auab 4D JO UOIRIJ0SSY
g xipuaddy

NIH-PA Author Manuscript NIH-PA Author Manuscript

Atherosclerosis. Author manuscript; available in PMC 2009 May 1.



Page 17

Bis et al.

*1eak JUaA3 79 ‘snjels UoIsuaadAy pareal) ‘aoel ‘xas ‘afie 1oy parsnipe sjopow uoissalfal onsiBo| woly aie sonel sppo

Jaquinu ouanbas aaualagal I9ON 419y} 01 Buipiodoe pajage| ae sdNS

"3]9]e Joulw ay) Jo Adoo Jeuonippe Ue YIIM paleldosse 83j041s 10 [Nl JO Xsi ay) Bunuasaidal soles sppo pue sjosjuod Buowe saiouanbaly aja|je Joul NS Moys (SUWN|09) [eIILUBA

‘adAjo01dey aouaiayal ay) 01 patedwod adAojdey ay3 Jo /dod [euonippe ue 1o} si syl Bunuasaidal Soie SPPO YIIM S|0JJU0D pue $ased J0j aouajenald adAlojdey moys ‘(jeauoziioy) smoy

"adA1 pjog u1 pajealpul si ajg)e Joulw ay] "adAlojdey yoes Huisodwod saja|e ayl smoys ‘anoge ‘prib ay L

(L0101 (oTTO1 (8eT 01 (60T 01 (To'T 0 (g9°T (10 %56

89°0) 58°0 11°0) 260 ¥6°0) ¥T'T 29°0) €8°0 v1°0) 1870 012.°0) 60T HO) oS

(L0101 (zrTO1 (orTO1 (ezTO1 (0T 0 (S7'T 01 18°0) (fe}

81°0) 160 18°0) 86°0 88°0) T0°T G8°0)20°T £8°0) €6°0 80'T %56 ‘HO) IN

greo=d 9950=d 1581 pfem [eqo|f
(ov'T (ST 01

0125°0) G8°0 4 08°0)TIT'T € 4 Jaylo
(18T (or'T 01

0169°0) TO'T 14 9/°0)€0'T 14 14 9 v 9 v v v / adAojdey
(60T 01 T2°0) (o101

880 ford 28°0) 560 e 14 9 9 9 v v 9 9 adfio|dey
(90T (o701

01£9°0) 28°0 €1 G/°0) 68°0 GT 9T v v 9 v v 9 G adfojdey
(18°T (vo'T 0

0165°0) ¥6'0 € 25°0) €40 14 € 9 v 9 v v 9  adAjojdey
(Tt (rTO

01 65°0) £€8°0 9 G/°0) €6°0 L L 9 v v o) 9 9 ¢ adfio|dey
(8v'T 01 160) (rTo

9T'T 9T 28°0) 86°0 vT €T 9 v v v 9 9 ¢ adAiojdey

FEX| z€ FENS| z€ 0€ 9 v 9 v 9 9 T adio|dey

(958

(89¢ =u) (8892 (sjo13u00

(10 %56 =U) % (10 %%6 % =U) % Buouwe)

H0) 3008 ‘oS HO) IN ‘IN ‘lonuod 9T T4 12 0T Ly 14 % ‘AVIN

G0S20gs4 8620esA 98Z1SSTSd ¥60T20Es4 202zezesd 768008154

NIH-PA Author Manuscript

90115 40 [IAl 40 S UM UoneLIRA 8ush OT-T7] JO UONEBIJ0SSY

D Xlpuaddy

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Atherosclerosis. Author manuscript; available in PMC 2009 May 1.



Page 18

Bis et al.

*1eaK 1UBA3 79 ‘sniels uoisualadAy pareal; ‘aoel ‘xas ‘abe 1oy paisnipe sjapou uoissaifias o1siBo| Wouy aJe solel sppo

J1aquuinu aouanbas soualagal 1IN 418y} 01 Buipiodde pajage| ase SdNS

‘9]9]|e Joulw 8y} Jo Adod [euonIppe Ue YIIM Pajeloosse 8X0.is 40 ||Al 40 st ay) Bunuasaidal solrel sppo pue sjoJiuod Buowre sa1ousnbaiy ajafje Joulw dNS MOyS (SUWN|OD) [EIBA

"adA10]dey aouaiayal ayy 03 pasedwod adAojdey ayy Jo Adod [euonippe ue 1o} ¥si 8yl Bunuasaidal SOl SPPO YIM S|04U0I pue Sased 10) souajenald adAlojdey moys ‘(Jeiuoziioy) smoy

"adA) pjog u1 parealpul si aa|e Jouiw ay | -adAlojdey yoes Huisodwiod saja|je ay) Smoys ‘anoge ‘pub ayL

(L2 T017L0) (07'T 01 78°0) (60T 03 (6T°'T O (eTTO1 (TTO (10 %56
G6°0 10T 04°0) /870 65°0) ¥8°0 08°0) G6°0 9/°0) S6°0 ‘H0) 8jons
(0Z'T 01 180) (szT (8T'T O (90T 08 (otT Ol (otT01 (fe}
860 0178°0) €0'T 18°0)T0T G9°0) €8°0 98°0) /60 28°0) S6°0 %66 ‘H0) 1IN
059'0=d le6'0=d 153} p[em [eqojf
(66T (sv'T
0158°0) 01%.°0)
0e'T 4 Y01 € € Jayio
(T (ot
0195°0) 0169°0)
180 S €80 S 9 2 v 9 o) 9 9 . 8dfiojdey
(LzT (et
015.°0) 01%8°0)
160 1T 10T 1T 0T 2 v 9 v 9 9 9 adfiojdey
(0g'T ezt
0199°0) 0108°0)
€60 9 00T 9 9 2 9 9 v 9 2 G adfiojdey
(9g'T (82T
01%9°0) 01%.°0)
€60 14 160 14 14 2 v 9 v 9 2 ¥ adAo|dey
(szT 6TT
0129°0) 016.°0)
260 8 160 8 8 v v 9 v v 2 ¢ adfiojdey
(L0T (1T
0129°0) 0168°0)
G680 v1 00T 9T 9T 2 v v v v 2 z adfiojdey
FEX| 8y FEX| Ly 9 o) v 9 v v 2 T adfjoldey
(12 %56 (89 (8892 (sjo13u02
‘H0) =U) % (10 %56 =u) % fuouwe)
»ons ‘80115 Ho) IN (958=U) % ‘1IN ‘losuod 6 8 9T 9 1z T % 'V
629EPT S4 629¢vT SJ 629V T S4 629EYT S4 629¢¥T SJ 629EYT S4
a1 4ANL 4ANL v1i1 V11 Vi1

NIH-PA Author Manuscript

9Y0.1S 10 |IA JO S UM uonersen ausb g17-4N L1 JO U0Ne1d0ssy

a xipuaddy

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Atherosclerosis. Author manuscript; available in PMC 2009 May 1.



