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Summary

Background: We assess the contribution of commahrare putatively functional genetic variants (most
of them coding) present on tHeimina exome Beadchijp the variability of plasma lipids and stiffnesfs

the common carotid artery.

Methods and results: Measurements were obtained 2283 men and 1398 women, and after filtering and
exclusion of monomorphic variants, 32827 commom¢mallele frequency >0.01) and 68770 rare variants
were analyzed. A large fraction of the heritabitifyplasma lipids is attributable to variants presen the
array, especially for Triglycerides (fraction of riamce attributable to measured genotypes:
V(G)/Vp=31.4%, P<3.1x1®) and HDLc (V(G)/Vp=26.4%, P<4.2x16). Plasma lipids were associated
with common variants located in known candidateegehut no implication of rare variants could be
established, however this study had limited poweletect an effect of rare variants at the genal.|&ene-
sets for plasma lipids, blood pressure and coroadeyy disease were defined on the basis of reueta-
analyses of genome wide association studies (GWWA®).observed a strong association between the
plasma lipids gene-set and plasma lipid variabléesbne of the 3 GWAS gene-sets was associated with
the carotid parameters. Significant V(G)/Vp ratiesre observed for external (14.5%, P<2.731a8nd
internal diameter (13.4%, P<4.3x%0 stiffness (12.5%, P< 8.0x%)) intima-media thickness (10.6%,
P<7.9x10) and wall cross sectional area (13.2%, P<2.Zx1A significant association was observed
between the common rs2903692 polymorphism o€iheC16Agene and the internal diameter (P<4.3x10
7).

Conclusion: These results suggest an involvemerELdC16A a gene that has been reported to be

associated with immune disorders, in the modulatfocarotid vasodilatation.

Key Words: exome array; vascular stiffness; hellitgh CLEC16Agene; plasma lipids

Introduction
Increased central arterial stiffening is a hallmafrthe ageing process and the consequence of disegse
states such as diabetes, atherosclerosis, andichmmal disease. Aortic stiffness has independent

predictive value for total and cardiovascular (GWQrtality, coronary morbidity and mortality, anddh
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stroke in patients with essential hypertension,-stade renal failure, or diabetes mellitdsArterial
stiffness is defined by a reduction in arterialtelisibility. We previously showed that aortic stéss
(carotid-femoral pulse wave velocity) remainedgngicant predictor of coronary events in hyperteas
patients after adjustment for classical CV riskidas® The growing prevalence and associated risk of
arterial stiffness provide a major incentive torgase our understanding of the underlying molecular

cellular and genetic causes and the resulting plogical impact of this condition.

Since the initial study showing an association leetwa common polymorphism of the angiotensin lktyp
1 receptor gene (1166 A/C) and arterial stiffnesmmeter§,genome-wide linkage studies have identified
chromosomal regions associated with arterial ) without relying on any prior biological hypesis’

In addition, gene expression profiling studies haentified novel transcriptional biomarkers ofeaidl
stiffness in humarsand variants in genes encoding molecules invoivedytoskeletal organization,
vascular smooth muscle cell (VSMC) differentiatmrthe contractile state of the cell have been ssiggl

to contribute to CV stiffness.

The first genome-wide association study (GWAS)rtérial stiffness was performed using a 100K panel
of common single-nucleotide polymorphisms (SN®3)he most recent GWAS with a larger sample size
and using more informative arrays have identifietuimber of new candidate genes, some of them being
potentially involved in the pathophysiology of aiéé stiffness, in particular collagen, type I€QL4AD,*

the B-cell CLL/lymphoma 11BRCL11B gene desert, a transcriptional repressor of uargenes that may

be relevant to aortic stiffne$sand adrenomedullitADM), a potent vasodilator and angiogenic peptide.
The recent development of whole-exome arrays tageahainly coding regions of genes offers great

potential for the identification of rare or commeeariants with important phenotypic effects.

In the present report we investigated for the fiisie the possible influence of variants presenttan
lllumina exome beadchipn phenotypes related to arterial pathophysioldgs, plasma lipids and

parameters defining the geometry and distensikifithe carotid artery, in a population-based study



Material and Methods

Population

The design and objectives of the Paris Prospe&iudy 3 (PPS3) have been previously describéds

an ongoing observational prospective study evalgdhie possible implication of numerous vasculaitthe
parameters in CV disease in healthy men and womlBeefly, the PPS3 cohort consists of individuals
working or in early retirement, and their famili@he participants are recruited on a voluntary$asone

of the largest French preventive health centessQntre d’Investigations Preventives et Cliniq(ie€
Center) that is subsidized by “the National Hedtiburance System for wage earners” (Securite Sucial
CNAMTS). Female subjects represent ~1/3 of theigpants and the age of inclusion ranges from 50 to
75 years. The study protocol was approved by the€Committee of the Cochin Hospital (Paris) aid,
the participants have signed an informed consam.f®ur study is registered in the internationall tr
registry (NCT00741728). Here, we report a substodyhich we have selected 4056 index subjects.rAfte
exclusion of samples with > 1% missing genotypes9@), outliers and genetically related individuals

(n=279, seelata preprocessing 3681 subjects were kept in the analyses.

Measurement of lipid variables

The standard health check-up included a compl@ieal examination, coupled with standard biologica
tests performed after overnight fasting. Total ebtdrol and triglycerides were measured using
standardized enzymatic methods (automat HITACHI)9high density lipoprotein cholesterol (HDLc)
was measured by direct enzymatic assay with cyeldrih; low density lipoprotein cholesterol (LDLc)

was estimated using the Friedwald formula in irdiirdls with plasma triglycerides below 450 mg/dL.

Assessment of carotid geometry and distensibility

Carotid properties were determined using a higlolugien echotracking system (Artlab, Esaote,
Maastricht, the Netherlands). Briefly, a 10 MHz tPéhsducer linear array probe was positioned en th
carotid area. Measurements were performed on a degment of the right common carotid artery, 1 cm
proximal to the bifurcation/sinus throughout thedéac cycle for 6 seconds. A longitudinal sectibowing

clear interfaces for blood/intima and media/adtentivas obtained. The system allows real time
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radiofrequency signal analysis with operator-indhejemt determination of external diameter (Dext),
internal diameter (Dint) and intima-media thicknéBdT) on 128 lines throughout the cardiac cycle.
Distension was measured on 14 lines at high puks#idfrequency (600 Hz). The axial resolution wés 3
um for diameter, 17 um for IMT and 1.7 pm for disten® Central pressure was estimated from the
distension waveform according to van Bortel e dlhe distensibility coefficient (DC), representitig
elastic properties of the artery as a hollow stigtwas calculated as dLCSA/(LCSAXPPC) where LCSA
is the lumen cross sectional area and PPC, theatpntse pressure. Carotid stiffness (Cstif) walsuated

as DC"® and circumferential wall stress as diastolic bipoessure (DBP)xDint/2xIMT. WCSA is wall

cross sectional area.

Genotyping
The lllumina HumanExome-12v1.1 BeadChargets 242,901 markers and was designed to gamoty

variants with strong predicted functional impactgts as variants altering protein sequences andtezpo
GWAS hits (see http://genome.sph.umich.edu/wikifEgoChip_Design for a description of the array).
We used the standahdfinium® HD Assay Ultrgprotocol according to the manufacturer instructi¢Bee

Appendix |.1for details).

Data preprocessing

Genotype calling was done witlumina GenomeStudisoftware and quality control was performed with
thePLINK softwaré’ and in the R environmett Markers with genotyping success rates < 99% (n5p06
and not in Hardy-Weinberg equilibriurP€107°, n=4325) were not investigated further. Outliemptes
identified using the "neighbour” function implemedtin PLINK were excluded. We used the Genome-
wide complex trait analysis softwa@CTA® to detect cryptic relatedness among study paatitip and
removed one individual from each pair of relatethsles (using a genetic relatedness matrix (GRMyf€ut
= 0.1 which corresponds to a moderate level oftedlzess). After exclusion of monomorphic variants

(n=134914), the final data set included 3681 irdirgils and 101597 polymorphic markers.



Statistical analysis

Statistical analysis was performed on common ar@vaiants separately, a threshold of 0.01 fonther

allele frequency (MAF) was adopted to separatefrare common variants.

All phenotypes were log-transformed before analgsid association analyses were adjusted for gender,
age, body mass index (BMI) and body surface aresAfBAdjustment on both BMI and BSA was
performed because associations with the 2 body migasurements were dissimilar for some arterial
parameters. The correlation between BMI and BSA @825 and the correlations of both measurements
with gender were 0.212 and 0.681 respectively. W&@tasted polynomial adjustments but the resultew

almost unchanged (not reported).

Associations between phenotypes and common valjeatiant-level analysis) assuming an additive mode
of inheritance were explored using a mixed-lineadatl (MLM) implemented in th&CTA softwaré®
accounting for the remaining genetic relatednessngnparticipants and covariates (age, gender, BidI a
BSA). For each phenotype investigated, we estimidtedraction of the phenotypic variance attribleab
to measured genotypes (V(G)/Vp) using the MLM apptoimplemented iGCTA° and also tested a
possible heterogeneity of these associations aicgptd gender. Note that in our analysis we used th
leave-one-chromosome-out analysis implement&idi Asoftware to avoid adjusting on variants that are

in LD with the variant tested.

At the gene and gene-set levels, associationsthathipid and vascular traits were investigatechgshe
Sequence Kernel Association Tess&KAT) implemented in the R packa@KAT (R/SKAT for both rare
and common variants. All tests were adjusted ongayeder, BMI, BSA and first 10 principal comporent
to account for population structure by enteringséheovariates in th8KATnull model. TheSKAT test
allows for both effect increasing and effect desiag variants, this appears appropriate in theecoruf
this study in which tested variants were collectadependently of the phenotypes investigated,
nevertheless we also conducted a one-sided caippesst to account for the possibility that mosiarts

in a gene or a gene-set affect a phenotype inaime slirection (seAppendix |.2for details).



For each trait, association P-values were sumnthbyea Manhattan ploR/ggmanpackage) and the fit

of observed to expected association chi-squarepludied as QQ-plotR/snpStatpackage).

To account for multiple testing, we applied a Bordai correction for the number of variants testethe
variant-level analysis of common variants (n=32827) for the number of genes tested in the gera-lev
analysis of rare and common variants (n=13453 gkadsoring at least 2 variants). These correctimas
conservative since they do not account for thealjgkdisequilibrium (LD) existing among variantdtie
same gene and nearby genes. To further accoutitefanterdependent vascular phenotypes, we apalied
Bonferroni correction for the 3 main phenotype gatees: plasma lipids, carotid stiffness and cdroti
geometry. After these corrections, the significatiresholds for common variants and rare variaetew

set to 5x10 and to 1x16 respectively.

Power of the study The power of the variant level analysis for vas&AF (>0.01) and allele effect size
is reported irsupplementary Table.lWe note that given our study size, for a MAF @10.effect size
must be at least equal to 0.7 standard deviati@) (Bit to reach a power of 0.8. For a MAF of (al,
similar power is attained for an effect size of300SD unit. For sets of variants, power estimateujuires
modeling the genetic architecture (number, respedtiequencies and effects of variants, LD between
variants). TheR/SKAT package provides an analytic method to computeepofer SKAT (See
Supplementary Methods 1)3Given the relatively small number of rare vatgim our study the power of
the gene-level analysis was low for most genesh®mther hand the power of the gene-set levelaisal

was more appropriat&(pplementary Table)2

Results

3681 individuals (2283 men and 1398 women) contedtio the analysis. The mean values of the retevan
characteristics are reportedTiable 1for men and women separately. The results of &ssmt analyses
were very similar in men and women, as a conseguerc report results for both genders combined.
Correlations among vascular parameters are showakle 2before (above the diagonal) and after (below

the diagonal) adjustment on covariables (age, geBddl and BSA).



Heritability of investigated traits attributable to variants on the array

The ratio of the genetic variance to the total aace (V(G)/Vp) of lipid and vascular phenotypes are
reported inTable 3 these ratios correspond to the heritability ltitable to the 101597 variants available.
The ratios for LDLc, HDLc and triglycerides were.3% (P < 0.0081), 26.4% (P < 4.2xfpand 31.4%

(P < 3.1x10" respectively. The V(G)/Vp ratios for blood presstelated variables (MBP and PPC) were
not significant; on the other hand the ratios fetifd12.5%, P < 0.0008), Dext (14.5%, P < 2.7X1Dint
(13.4%, P < 0.00043), IMT (10.6%, P < 0.00078) &@SA (13.2%, P < 2.4x10) were significantly
different from zero; however, the large standardrer(Table 3, imply that the heritability estimates are
rather imprecise. To better characterize the sanfrtids heritability, genetic effects were invgstied at 3
levels: i) the variant level, for common variank8AF > 0.01), ii) the gene level, for common anderar
variants (MAF< 0.01) and iii) the gene-set level, with 3 genesseach combining candidate genes

identified in GWAS of plasma lipids, coronary astelisease (CAD) and blood pressure, respectively.
Variant level analysis

The variant-level analysis was conducted on th328mmon variants. Results of the associatioryaizal
with the MLM adjusted for age, gender, BMI and B&# reported for each phenotype as a Manhattan and
QQ plot (seAppendix, section I); the mossignificant associations at each associated logusteown in
Table 4and a complete report of all associated SNPs igiged insupplementary Table.3The highest
estimated lambda statistics for all phenotypes ess than 1.05 (see QQ-plotsAppendix section 1),
suggesting that population stratification if anysweell controlled in the MLM model and was unlikety

affect the association results in a significant way

The QQ and Manhattan plo#gpendix section ) reveal the presence of numerous associationdipith
variables. Significant associations were obsereed DLc with variants at th&POE/TOMM40/APOC1,
PCSK9 and SNAPd&ci, for HDLc, with variants at th€ETP, LPL, ABCA1, SNAPGadLIPC loci, and

for triglycerides with variants at tteCKR, APOA5, LPLandTRIB1loci. These associations are consistent

with results reported in large scale GWAS of plaskipids?® Note that the exm1417699 variant



(rs116635738) in thBNAPCZyene is located 445798 bp from the rs7255436ni@r®NP in theANGPTL4
gene, which is a GWAS-identified locus for HD¥dHdowever, rs7255436 was available in our dataset b

was not associated with any of the lipid varial§fes 0.05).

For arterial phenotypes, a significant associafrx 4.2x10) was observed between carotid Dint and
rs2903692 at th€LEC16Alocus. The minor allele (MAF = 0.39) of this variavas associated with a
reduced Dint value. rs2903692 was also associatbdDext (P < 4.5x16) but not with WCSA (P < 0.04)
and IMT (P < 0.9), suggesting that it is relatedidsodilation rather than to wall hypertrophy. Tetber
common variants dELEC16Ars12708716 and rs12924729, in tight LD with rsZB8Bexhibited slightly
weaker associations with Dint, P < 2.258Hnhd 3.4x106 respectively. No significant association was found

with stiffness parameters (Cstif, CWS, WCSA).

Gene level analysis

The gene-level analysis was conducted VB®AT for genes harboring at least two variants (rare or
common) present in our data set (n=13453 genes)pl@® and tables reporting gene-phenotype
associations with P-values <i@re provided in thAppendix section Il Although this analysis was more
specifically focused on the analysis of rare vddathe results of the joint analysis of all ananamon
variants are also reportedsnpplementary Table.4The gene-level analysis of common variants redeal
significant associations (P < $dmplicating lipid variables but all associatedil(APOE, TOMMA4Q LPL,
APOAL GCKR CETP, LPL andSNAPC2 had already been identified in the variant-leansalysis. No
significant gene-level effect of common variantsvascular variables was observed. The resultseof th
SKATand collapsing tests for rare variants are reddrisupplementary Table.4Overall for both lipid
and cardiovascular phenotypes, the gene-level sisaljid not reveal any association reaching the
significance threshold of 01t must be considered however that due to thgelaumber of monomorphic
variants, relatively few rare variants were avdddbr most investigated genes (segplementary Table

4) and as a consequence the study had limited ptmagetect an effect of rare variants at the genel.le

To try overcome the lack of statistical power réagl from the separate investigation of each gere,



extended the analysis to sets of genes whose gemeiability is known to affect lipid and cardiacular

phenotypes.

Gene-set level analysis

We defined candidate gene-sets based on the noesitt@WAS reports for plasma lipiéfsgoronary artery
diseas& and blood pressure/hypertengttil All variants available in our study and locateithm or close

to the sequence of the genes in each gene-setis@rtfied and analyzed witBKATto assess their
contribution to the variability of the traits int@mted. The genes included in the sets and thébauwof
variants are reported in th&sppendix section IVand the results of thBKAT analysis are shown in
supplementary Tables 5-br all, common and rare variants respectivelyalisis of the blood pressure
gene-set did not reveal any significant associatiith the lipid or the vascular phenotypes. As &xpd,

the plasma lipid gene-set was associated with ke lipid variables, but this association wasyonl
attributable to the common variants. No associatibthis gene-set with the vascular phenotypes was
observed. Associations with the CAD gene-set wigigfgcant for LDLc and triglycerides, but agairete

associations were observed for the common var@mnys

To assess whether common variants significantlg@ated with plasma lipids in the variant level lggis
could account for the associations observed wiHifhd set, we excluded 38 common variants astegtia
with plasma lipids in the variant-level analysiQF0001) and performed tf&KATanalysis again using
the reduced plasma lipid gene-set. Associationsmimon variants in this gene-set with LDLc (P <A.6

%), HDLc (P < 2.3x10) and triglycerides (P < 1.4xfpwere reduced but remained significant, indicating
that common variants with weak effects presenténlipid gene-set but non-identified in the varikvel
analysis contribute to plasma lipid levels.simpplementary Tables 5;Tve also report the results of the
gene-set level analysis limited to variants withigh putative severity score as defined by the Goedb
Annotation-Dependent Depletion (CADD) score. Howetlas analysis did not reveal any associatio wit

the rare variants in the 3 gene sets.
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Discussion

The exome array with its enrichment in rare vaggbvides a unique tool to investigate the coutidn

of genetic variants affecting protein structurevlrious quantitative traits and diseases in thedmm
population. Compared to current genome-wide arriayspvides a much reduced genome coverage of <
10% of variants with a MAF > 1% (based orf & 0.8). The great advantage of the exome arrtgigfore

not related to its genome-wide tagging ability taits enrichment in putatively functional variaraisd

therefore to the increased possibility that an@ased variant is causal in comparison to a randwrker.

Rare versus common variants To define rare variants, it has been proposeddtapt a threshold of
1/sqgrt(2*n) where n is the study sample size. Instudy this value was 0.0116, so we adopted sltloid

for rare variants of 0.01. For the gene and sattlamalyses we used the default parameteR/8KAT
which up-weight rare variants relative to commoeorHowever we also performed the analyses without
differentially weighting rare and common variargsdsupplementary methods I)2the results were very

similar.

Plasma lipids The heritability of plasma lipids is close to 50Phe last meta-analysis of GWAS of plasma
lipids conducted in 188,578 European ancestry iddals and 7,898 non-European ancestry individuals
has confirmed 97 previously reported loci and itfiext 62 new oneé In our much smaller study mainly
focused on coding variants, we identified only abkrsubset of these loci, but the V(G)/Vp ratios tioe
lipid phenotypes indicate that the variants presgnthe exome array may contribute to > 50% of the

heritability of HDLc and triglycerides.

Blood pressure.ln the Framingham Heart Study, heritability of meaterial pressure, and pulse pressure
were respectively 0.33 and 0.%0in sharp contrast in our study, the fraction oémbtypic variance of
MBP and PPC attributable to variants on the genamay was non-significant. In addition variants
extracted from the blood pressure gene-set gendtypeur study were not associated with MBP or PPC.

Most variants on the exome array were chosen bedhey are coding and affect protein sequence. We
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may therefore hypothesize that variants contrilguttdMBP and PPC do not belong to this category and

are more likely to be regulatory.

Arterial stiffness. In the Framingham Heart Study, heritability ofatéd-femoral pulse wave velocity (a
measure of arterial stiffness) was 0’4t the PPS3, the V(G)/Vp ratio for carotid stiffise(Cstif) was
12.5% (P < 0.0008) . However the association aisabfCstif at the variant, gene or gene-set leghot
reveal any significant association, suggestingtti@variants affecting heritability of carotidfstess may
exert a too weak individual effect to be detectableur study. It must also be considered that P/V
directly measured whereas Cstif is calculated froeasures of diameter, distension, and pulse pesssur

raising the possibility that cumulated measureneemr may explain our negative result.

Carotid geometry. In the PPS3, carotid geometry was assessed via Iéht, Dext and WCSA. All 4
parameters were characterized by a V(G)/Vp ratitferohg from zero. In the Framingham Heart Stiddly,
adjusted heritability was 0.38 for the common ddrattery IMT (P<0.001) and 0.35 for the internatatid
artery IMT (P<0.001). In our study the heritabilf the common carotid artery IMT attributable be t
variants on the exome array was 10.6% (P<0.0008R Mmeta-analysis of GWAS conducted by the
CHARGE consortium in over 40,000 participants ofdpgan ancestry, common variants associated with
carotid IMT were identified in 4 regions of the geme, neaZHX2, APOC1 PINX1andSLC17A4® The
strongest association was with the rs445925, Idcat@osition 19: 45415640 near theOClgene. This
variant was present in our data-set but no associaith carotid IMT could be detected (P > 0.0Bhe
other lead-SNPs identified in the meta-analysi&WfAS of carotid IMT were not genotyped in our study

however, no variant at the respective loci was@ated with the trait.

In a genome wide linkage analysis in 3300 Americalian participants in the Strong Heart Family $tud
(SHFS), heritability estimates for carotid artemynen diameters ranged from 0.29 to 0.45 acrosd fiel
centers. In the PPS3 study, Dext was the caroti@hpeter showing the largest V(G)/Vp ratio (14.5P6
2.7x10°). In the SHFS, significant evidence for a locuuencing carotid artery lumen diameter on

chromosome 7q was report€dhe authors proposétCND2 as a possible candidate at this locus. In the
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PPS3, an intronic variant located at position 7328Y27 within theKCND2 gene sequence was not
associated with carotid diameter and there wasigeece for an association of Dint with variantsdted

within 5MB on both sides dACND2 (>100 variants, minimur® value = 0.014).

Dint was associated with common variants onGh&C16Asequence and the strongest association was
observed for rs2903692 (P < 4.21%).0Similar but slightly less significant associaisovere observed for
Dext. rs2903692 is located in intron 22@EEC16Aat position 16:11144926. The 3 intronic variants o
the CLEC16Asequence were added to the exome array becayskabe been reported to be associated
with several immunity-related diseas@garticularly type 1 diabetes (T1D) and MultipleleSosis.
rs2903692 is located at a distance of 58910 basefpam rs12708716, the lead SNP associated wifh T
and both SNPs are in tight LD{R 0.96). The mechanism of implication@f EC16Ain immune diseases

is not clearly establishé4® and it is possible that other genes in the regimn responsible for the
association of this locus with immune diseasess iteresting that Chromosome Conformation Capture
(3C) studies have demonstrated physical proxinfithe promoter of the nearlyEXI gene and intron 19

of CLEC16A This intronic region, where several of the digeassociated variants are located, is highly
enriched in transcription binding sit¥sln the same report, it was shown that allele€bEC16Athat
confer protection from type 1 diabetes and multgulerosis were associated with increased express$io
DEXI in 2 human monocyte data-sets leading to the osiwi thatDEXI may be an unappreciated
autoimmune candidate gene. In additiorDteXI, 2 nearby geneSOCS1andCIITA are other possible
immunity and inflammation-related candidates. Ingtudy, we observed an association with the diaraet
but not with the other carotid parameters, inclgdiMT. The internal and external diameters of the
common carotid artery are very stable and are lysoahsidered as structural parameters which mostly
depend on the extracellular matrix content of tlascular wall. However, they may be affected by
physiological or pharmacological changes in vasomtuine via endothelium-related mechanisms. If the
influence of CLEC16Aon arterial diameter was confirmed, the possibbplication of a vasomotor
mechanism would require investigation. It shoulchbted that in the SHFS, no linkage of carotid diten

with markers located in the region encompas§lh§C16Aon chromosome 16 was observed.
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Our results concur with those of other repBrtéin showing that rare coding variants, identifiecihealthy
population and included on the exome array, eidd if any effect on the traits investigated. $nay be
related to an insufficient power since the publisktudies in which this array was used are of &dhit
sample size compared to the most recent meta-amaliysommon variants. A much larger sample size

may be needédto assess the impact of rare variants on vasphkamotypes.

Conclusion

In this study we show that coding and GWAS-ideatifivariants present on thiéumina exome array
contribute in a significant way to the heritabildf/plasma lipids and of parameters assessinggbmgtry

of carotid arteries. On the other hand, they emerinfluence on blood pressure and carotid stifh&sur
results replicate a number of previously reportedoaiations with plasma lipids involving common
variants, but rare variants analyzed at the gergepe-set levels did not significantly influence thaits
studied here. The only significant association imvg vascular parameters concerned carotid interna
diameter. The candidate region implicated on chgone 16 encompasses the
CHTA/DEXI/CLEC16A/SOCSXhenes and is well-known for its associations wstveral immune
disorders. If this association was confirmed, itddosuggest an implication of immune-related genes

carotid vasomotricity.
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Table 1. Characteristics of the population

MeanzSD or Frequency (%

Whole Women Men

population N=1398 N=2283
Age (years) 5986.4 60.96.4 59.36.3
Past history of CVL 64 (2% 12 (1% 52 2%
Body height (m 1.65+0.0¢ 1.61+0.0¢ 1.74+0.07
Body weight (kg 73t14 63t11 79+11
Body mass index (kg/rr BMI 25.243.7 24.+4.2 25.¢+3.2
Body surface area (n BSA 1.85+0.21 1.67+0.1¢€ 1.95+0.1¢€
Systolic blood pressure (mmk SBF 131+16 12¢£18 13t1€
Diastolic blood pressure (mmF DBP 76+10 74+10 77+1C
Antihypertensive drugs n (¢ 520 (14% 197 (14% 323 (14%
Lipid lowering drugs n (% 494 (13% 179 (13% 315 (14%
Total Cholesterol (mg/dl 22(+£36 22¢+3€ 21€+3E
HDL cholesterol (mg/dL HDLc 50+15 67+16 54+12
LDL cholesterol (mg/dL LDLc 141+32 145£32 14C£32
Triglycerides (mg/dL TRIG 1035C 92+41 11054
Vascular parameters
Carotid stiffness (m) Cstif 7.C+1.4 7.1+1.4 7.C+1.2
External diastolic diameter (m Dexi 7.1&£0.72 6.85+0.6: 7.36+0.6¢
Internal diameter (mr Dint 5.8¢+0.6¢ 5.5#0.57 6.0¢+0.62
Intima media thickness (mi IMT 0.64+0.1z2 0.640.11 0.65£0.13
Mean blood pressure (mmk MBP 94+11 92+11 96+11
Central pulse pressure (mmt PPC 45+11 45412 45+1C
Circumferential wall stress (kF CWs 48+12 44+10 50+12
Wall cross sectional area (Mm WCSA 13.3£3.2 12.5+£2.7 13.7£3.4
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Table 2. Correlations of vascular parameters

Cstif Dext Dint IMT MBP PPC CWS WCSA

Cstif 1 0.22 0.z 0.1z 0.3¢ 0.4¢ 0.0¢ 0.1¢
Dext 0.1¢ 1 0.9¢ 0.4¢ 0.2¢ 0.2¢ 0.22 0.7¢
Dint 0.1¢ 0.9¢ 1 0.12 0.2¢ 0.1¢ 0.47 0.5¢
IMT 0.0003¢ 0.37 0.01¢ 1 0.17 0.2¢ -0.62 0.€
MBP 0.3¢ 0.21 0.1¢ 0.11 1 0.4¢ 0.47 0.2¢
PPC 0.41 0.1¢ 0.1z 0.1z 0.4% 1 -0.0¢4 0.2¢
CWS 0.1¢ 0.21 0.47 -0.6¢ 0.4¢ 0.01¢ 1 -0.3¢
WCSA  0.06¢ 0.7: 0.4: 0.¢ 0.1¢ 0.17 -0.3¢ 1

Cstif, carotid stiffness ; Dext, external diastaliameter; Dint, internal diameter; IMT, intima nied
thickness; MBP, mean blood pressure; PPC, centtaépressure; CWS, Circumferential wall stress;
WCSA, Wall cross sectional area. Correlations ama@sgular parameters are reported without
adjustment (above diagonal) and after adjustmerdade, gender, BMI and BSA (below diagonal).

P<0.001 for all correlations with absolute valueg3.65.
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Table 3. Fraction of phenotypic variance explainég all variants

Variable V(G) tse V(e) tse Vp tse V(G)/Vp tse P-value
LDLc 0.0050.002° 0.050(x0.002¢  0.0559+ 0.001: 0.1048+0.047. 0.008:
TRIG 0.04'+0.00¢ 0.102+0.00¢ 0.14&0.00¢4 0.3140.05% 3.13x1(H
HDLc 0.013+0.00z 0.037+0.00¢ 0.05(+0.001 0.264+0.051 4.25%x1(*
Cstif 0.00440.001¢ 0.03040.0017 0.034&0.000¢  0.12540.046¢  0.0008(
Dext 0.001x0.00(3  0.005%0.000: 0.006%0.000: 0.144&0.046( 2.70x1(°
Dint 0.001#0.000¢  0.007<+0.000¢  0.009+0.000:  0.13340.047(  0.0004:
IMT 0.002¢+0.001: 0.023%+0.001: 0.026&0.000¢ 0.106%0.043° 0.0007¢
MBP 0.000(x0.000¢  0.013(x0.000¢  0.013(x0.000: 0.000+0.042( 05

PPC 0.0000.002(  0.047°£0.002: 0.048%0.001: 0.017&0.041° 0.3t
CWS 0.001#0.002:  0.050=#0.002¢  0.051¢:0.001: 0.025&0.041C 0.2¢
WCSA 0.00520.001¢ 0.034¢:0.001¢ 0.039&0.000¢  0.131&0.044.  2.39x1(°

LDLc, LDL cholesterol; TRIG, triglycerides; HDLc,BL cholesterol; Cstif, carotid stiffness ; Dext,

external diastolic diameter; Dint, internal diametMT, intima media thickness; MBP, mean blood

pressure; PPC, central pulse pressure; CWS, Ciaeremtial wall stress; WCSA, Wall cross sectional

area.

Variance components were estimated with the MLMIém@nted inGCTA V(G), variance attributable

to measured genotypes; Vp, phenotypic variance}, Végiance not attributable to measured genotypes.
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Table 4. Variant-level analysis - significant assatons (P < 5x10)

Chr  position Al A2 MAF b se _P-value locus
LDLc
exm147936 19 4541207 A G 0.076: -0.13¢ 0.010¢ 2.7x1(%° APOE
exm62588 1 5550564 A C 0.017°  -0.121 0.021: 1.2x1(® PCSK¢
exm1417699 19 7987421 A G 0.062:  0.059¢ 0.011¢ 4.5x107 SNAPC:
Triglycerides
exm181733 2 2773094 A G 0.45¢ 0.064: 0.0093.  4.9x1(*? GCKF
rs964184 11 11664891 C G 0.13d 0.091: 0.013¢ 2.1x1¢H APOA!
rs12678919 8 1984422 G A 0.11¢ -0.099: 0.014¢ 3.0x1¢H LPL
rs2954029 8 12649097 T A 0.45¢ -0.050¢ 0.0092°  5.2x1(® TRIBI
HDLc
rs247616 16 5698959 A G 0.31( 0.056¢ 0.0056"  1.6x1(* CETF
rs12678919 8 1984422 G A 0.11¢ 0.052¢ 0.0083°  2.9x1(*° LPL
rs188302! 9 10766430 A G 0.271 -0.030: 0.0058  2.5x1(’ ABCA!
exm1417699 19 7987421 A G 0.062: -0.057: 0.011: 3.4x1(’ SNAPCZ#
rs26133« 15 5872674 G C 0.21: 0.031: 0.0062:  6.3x1(’ LIPC*®
Dint
rs2903692 16 1123878 A G 0.3¢ -0.011¢ 0.0022°  4.2x1(’ CLEC16¢/

Al, reference allele (the coded effect allele); &i& other allele; MAF, frequency of the refereatiele; b, SNP effect; se, standard error. A
single significant variant is shown at each loeusjore complete list of associated variants upRevalue of 0.0001 is reported in thppendix

supplementary Table.1

£the exm1417699 variant is located 440745 bp upstefaheANGPTL4gene which is a locus for HDLc identified.

* LIPC is an obvious candidate, the P-value for rs26183dst above significance.
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Table 5. Gene-set level analysis — results: P value

Lipids gene se Blood Pressure gene s CAD gene se
Variants All Commor Rare All Commor Rare All Commor Rare

(n=902)  (n=339)  (n=563) (n=563) (N=206)  (n=357) (n=552) (n=226)  (n=326)

LDLc 2.8x1(%  1.7xac”  0.9C 0.27 0.4¢ 0.1¢ 0.0002; 3.1x1(% 0.4z
TRIG 6.0x10%  9.3x1(#  0.01: 0.07¢ 0.04¢ 0.3t 8.2x1(%  1.3x1(® 0.3t
HDLc 3.7x1C%  4.9x1C*°  0.03( 0.4z 0.1¢ 0.7¢ 0.2( 0.2¢ 0.2€
Cstif 0.47 0.42 0.52 0.2¢ 0.5¢ 0.1¢ 0.61 0.1¢ 0.97
Dexi 0.06( 0.3¢ 0.03( 0.1¢ 0.2¢ 0.2t 0.01¢ 0.006¢ 0.3¢
Dint 0.05¢ 0.2¢ 0.05: 0.3¢ 0.5¢ 0.27 0.08¢ 0.01¢ 0.61
IMT 0.7¢ 0.7¢ 0.5¢ 0.2¢ 0.5( 0.2( 0.17 0.2t 0.2z
MBP 0.8¢ 0.8¢ 0.7¢ 0.03: 0.067 0.11 0.5¢ 0.1¢ 0.9t
PPC 0.3¢ 0.6¢ 0.2( 0.2¢ 0.08¢ 0.6% 0.7¢ 0.11 1.C

Cws 0.6¢ 0.8¢ 0.3: 0.8( 0.9¢ 0.42 0.71 0.4¢ 0.8¢
WCSA 0.3¢ 0.6¢ 0.1¢ 0.12 0.1€ 0.1¢ 0.02¢ 0.037 0.12

LDLc, LDL cholesterol; TRIG, triglycerides; HDLc, BL cholesterolCAD, coronary artery disease; Cstif, carotid séffs; Dext, external
diastolic diameter; Dint, internal diameter; IMTitima media thickness; MBP, mean blood pressur€, eéntral pulse pressure; CWS,

Circumferential wall stress; WCSA, Wall cross sewdéil area.
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